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One major challenge recently recognised by a EU consensus conference is the need of brief, 
reliable, simple methods to assess Alzheimer’s Disease (AD). There is an emphasis on the 
need for cognitive, behavioural and functional measures that are sensitive and specific for 
detecting the cognitive impairment earlier of the course of the disease. In my thesis I explore 
what are these measures. This thesis sought to explore two themes: the first, where I enhance 
the existing knowledge about Visual Short-Term Memory Binding as a sensitive, specific and 
early cognitive marker for AD. The second theme is to look at which everyday functional 
abilities decline first in the trajectory from the healthy ageing to dementia. I argue that 
everyday financial decline is the earliest functional impairment in the course of the disease.  
There are evidences indicating that the Temporal Memory Binding (TMB) reliably detects 
asymptomatic carriers of the Presenil-1 gene mutation E280A that leads to familial AD and 
amnestic Mild Cognitive Impairment (aMCI) patients who are at a high risk of conversion to 
dementia; the test is not affected by healthy ageing and chronic depression; it has been 
proved culturally unbiased. All these factors make the test a perfect marker for AD. The 
TMB test has been developed as a computer version. This poses several limitation of using 
the test globally: it has low mobility, difficulty testing on the older population and patients 
with AD who have preferences more to conventional paper-and-pencil tests. Therefore, one 
of the main aims of the thesis was to create a more clinically and user-friendly version of the 
test. I created a Flash-Card version of the test that contained several modifications from the 
standard computer version to make the test more clinically oriented: all participants were 
presented only with two items and the test was presented as a recognition task. The 
alternative version of the test was presented in the form of the Tablet PC. The first series of 
experiments (Experiments 1-7) reported in this thesis were dedicated to compare these three 
formats of testing. I showed that all three methods of testing are equivalent to each other. In 
these experiments I also have confirmed that the test is unaffected by age in order to serve as 
a baseline performance on the Flash-Cards and Tablet PC to measure AD performance.  
In the following Chapter 3, I focused on addressing the question, what is the neurological 
reason for older adults to perform as well as younger participants. For that I employed a 
mobile low-density EEG system that has advantages in its mobility and user-friendliness, 




of the study showed increased activity over all electrodes sites suggesting that older 
participants recruited more neural resources to achieve levels of performance similar to those 
observed in younger adults. 
To show that my Flash-cards TMB task still holds specificity to only AD I recruited patients 
with aMCI, AD patients and Parkinson’s disease (PD) patients with and without cognitive 
deterioration (Chapter 4). The results of the study showed that only patients with AD 
presented impaired performance on the TMB task. On the contrary, compared to either 
cognitively healthy older individuals or PD patients with normal cognition, patients with PD 
dementia did not show impairment on the TMB.  
The other main aim of this thesis was to investigate what functional abilities decline first on 
the course of the disease and what are those “minimal functional problems”. As part of this 
thesis I conducted a literature review (Chapter 7) that showed that everyday financial abilities 
represent the most complex and multidimensional functional activities. I coined a term 
Acreemagnosia to highlight the specificity of the symptom. In order to assess this specific 
symptom I developed The Acreemagnosia Measurement (TAM) that is a multi-items measure 
that inquiries about a person’s awareness of financial abilities and examines actual 
performance on the broad range of everyday financial tasks. On the groups of healthy middle-
aged and older people I validated TAM (Chapter 8). I used a two-parameter IRT model to 
analyse the psychometric properties of TAM and established the best items that would 
describe financial abilities of participants in different age and gender groups. The analysis 
suggests that TAM is measuring most reliably at low to average levels of financial ability, 
meaning that TAM is potentially a good financial measure for people with limited financial 
proficiency, which is in keeping with the design and intended use of the instrument with 
elderly retired people and people with cognitive impairment. The results did not reveal any 
differential item functioning across different gender and age groups in the scale that indicates 
that tendency to endorse the item reflects the ability level and are not affected by variables 
such as gender and age. 
As TAM is intended for patients with cognitive impairment, I recruited patients with 
amnestic-MCI and mild-AD (Chapter 9). In this feasibility study I showed that patients with 
amnestic-MCI are already present with some problems in everyday financial abilities and are 
unaware of these problems demonstrating that they present with Acreemagnosia, thus 




The general findings of this thesis indicate that TMB task and TAM can enhance the 
assessment of dementia and potentially serve in the detection of cognitive impairment at the 








The overarching  theme of this thesis is to enhance cognitive and functional assessment of 
Alzheimer’s disorder (AD). The first part of the thesis is dedicated to a cognitive test shown 
to be very sensitive and specific to detect preclinical cognitive impairment of AD. The 
Temporary Memory Binding test (TMB) has been shown to be resistant to the effect of age, 
other than AD types of dementia and geriatric depression, it was also shown to be sensitive to 
asymptomatic forms of AD. In order for the test to be more affordable and clinically friendly 
I created a Flash-Card version of the TMB test. I showed that this format of testing is 
equivalent to the computer version of the test and it retains all diagnostic qualities of the 
computer test.  
The second part of the thesis is dedicated to the functional assessment of AD and detecting 
the most sensitive tasks to detect early functional difficulties. I argue that financial tasks can 
fulfil  this role. To highlight the specificity of the symptom we have suggested a term: 
Acreemagnosia from the ancient  Greek a- (“lack of”) and creema (“money”). In order to 
explore my hypothesis  deeper, I design the Acreemagnosia Measurement . In series of 
experiment on healthy  middle- and older adults  I explore its psychometric properties and in 
clinical sample of patients with various cognitive impairment and healthy older controls I 
show its discriminability.  
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Chapter I  - Introduction 
 Part I 
In this introduction I will review the current diagnostic criteria for Mild Cognitive Impairment 
(MCI) and Alzheimer’s Disorder (AD) and the difficulties that early diagnosis poses. I will 
critically appraise the cognitive and functional tests used in clinical setting and in research 
studies that are claimed to be sensitive and specific to AD. I will also explore what are the 
current challenges with functional scales and which are the most promising scales and ways of 
improving their sensitivity. I will review modern diagnostic tools: biomarkers and brain 
imaging methods. Finally, I will introduce the predominant ideas and aims of the thesis.    
Cognitive and functional decline in neurodegenerative 
disorders: where are we standing? 
AD is the most common cause of dementia and the prevalence of the disease increases 
markedly with age from 14.9% at 65 years to 21.8% at 85 years (Pujades-Rodriguez et al., 
2018). In 2017, there were 3.65 million cases of clinical AD in the United States (range, 
1.70–7.62 million) (Brookmayer et al., 2018)  
 The main characteristics of AD were first described by Alois Alzheimer in 1907. Despite all 
efforts, an effective therapy is still lacking. As AD pathology is already present years before 
cognitive symptoms appear, diagnosing AD before the disease becomes evident might 
improve the effectiveness of future therapeutic development options. Early diagnosis is a 
very challenging undertaking, as symptoms of the disease might resemble those 
characterising normal ageing or depression in older people. Therefore, researchers were 
challenged to modify, improve, or create cognitive and functional measures that can be 
sensitive and specific enough to detect early changes and differentiate AD from other forms 
of dementia and from normal ageing.   
Currently, the diagnosis of dementia in clinical settings is based on the medical history of the 





outcome of standard neuropsychological tests. If based on this assessment there is a concern 
about the presence of cognitive deterioration, the patients might be referred to a specialist 
clinic (if one is available) for a brain scan or for “biomarkers”. Therefore, this initial 
assessment is crucial in order to make the correct referral without over- or underestimating 
the diagnosis. In clinical practice the most common method of assessment and monitoring of 
progression are the cognitive scales that would screen for global cognitive function, namely 
memory, attention, language, perception, orientation, visuo-spatial abilities. The Mini Mental 
State Examination (MMSE) is one of such scales, designed in the 1970s, is the most widely 
accepted and used internationally despite its well-acknowledged limitations.  It shows good 
sensitivity to general cognitive deterioration (Nasreddine et al., 2005). It is a very brief but 
non-specific tool. The other limitation is that it obtains poor scores on the low educational 
population leading to overestimation of the diagnosis in this group. On the other hand, the 
test reaches ceiling performance when tested on people with high level of education even if 
they have some cognitive impairment, resulting in underestimation of the presence of 
dementia (Nieuwenhuis-Mark, 2010). The same holds for The Montreal Cognitive 
Assessment (MoCA; Folstein et al., 1975), a brief screening instrument for global cognitive 
function, and for other more extensive batteries: the Addenbrooke’s Cognitive Examination 
(ACE; Mioshi et al., 2006) and the Alzheimer’s Disease Assessment Scale – Cognitive 
Subscale (ADAS-Cog; Rosen, Mohs, & Davis, 1984). All these screening measures were 
shown to be non-specific to AD and suitable more for general screening of cognitive 
impairment. Moreover, they are marred with practice effect and show improvement over 
repeated tests that can be wrongly interpreted by the clinician as a recovery (Foley et al., 
2015). As it was suggested by Costa et al. (2017), these tests batteries are better used only as 
a first line of screening.  
Outside clinical practice, research assessment tools vary dramatically. Different research 
groups in different countries are striving to develop the most sensitive and specific tool to 
assist the diagnosis of dementia early on the course of the disease. Fowler et al. (1997) and 
Swainson et al. (2001) suggested that a test that measures precise cognitive function would be 
more effective to detect and predict global decline that the measures of global cognitive 
function. Logie, Parra, & Della Sala (2015) outlined that cognitive markers for AD should (1) 
be sensitive and specific to AD, (2) not show improvement due to practice effects, (3) not be 
sensitive to the education or cultural background of the assessed individual, (4) be easy to 





should be (6) theory driven allowing for the alignment of cognitive constructs and the course 
of AD pathology.  
1.1  AD-Specific Markers: Associative memory tests 
A well-established finding in dementia research, is that memory impairment, specifically that 
related to the ability to learn and retain new information is a characteristic feature of AD 
which seems to appear from the prodromal stages (Petersen et al., 1995; 1999; Albert et al., 
2001). Episodic memory deficits have been found to be a strong predictor of incident AD 
(Flicker et al., 1991; Kluger et al., 1999; Dudas et al., 2005). However, episodic memory 
impairment is a characteristic of other disorders like depression and also healthy ageing 
(Jayaweera et al., 2016; Yonelinas, 2001).   
Several International Working Groups focused on harmonisation of novel assessments and 
new conceptual frameworks for early identification of AD propose that the tests related to 
hippocampal dysfunction and involving list learning and delayed recall (Free and Cued 
Selective Reminding Test (FCSRT), Paired Associative Learning (PAL) and Ray Auditory 
Verbal Learning Test (RAVL)) are at the frontline in detecting AD (Costa et al., 2017; 
Debois et al., 2007; 2014).  
Swainson et al. (2001) aimed to identify neuropsychological tests that help to determine the 
earliest sign of cognitive decline. They used a wide range of neuropsychological tests and 
showed that associative memory that was determined by PAL is the most effective measure to 
correctly differentiate AD patients from patients with questionable dementia, depression and 
healthy controls. In their longitudinal study they showed that PAL deteriorates earlier than 
non-associative memory, in addition it has high predictive value for progression towards AD. 
Moreover, they showed that PAL could predict further deterioration in people with MCI. In a 
similar longitudinal study, Fowler et al. (2002) confirmed that people with questionable 
dementia who showed impairment in PAL in 2-year period progressed to AD. Notably, 
performance on the other neuropsychological tests did not deteriorate over the courses of the 
2-year follow-up. These were the first attempts to show associative deficits in people with 
early cognitive deterioration and sensitivity of the test to early AD. In the described studies 





both the presented pattern and their locations. Therefore, it was concluded that combining 
object and location was the process affected earlier in the course of cognitive impairment.    
The modification of the object/location association and conformation of this associative 
decline in MCI came from a later study by Dudas et al. (2005). They compared the 
performance on face/location recognition (by the means of the Face Placing Test (FPT)) of 
people with AD, MCI and healthy older people. They demonstrated that patients in the 
predementia stage of AD have deficits in episodic cross-modal associative memory reflecting 
the poor encoding of new material.  
Another popular version of associative memory task is the FCSRT whereby the association 
between item and context is assessed by the means of free recall and then with a cue. This 
modified procedure was shown to be sensitive to early preclinical cognitive impairments 
(Grober et al., 1988; Sarazin et al., 2010). Sarazin et al. (2010) followed their participants, 
considered at risk of developing dementia, for 3 years and the FCSRT was shown to be 
sensitive and specific for early AD.  
There are ample studies on associative learning repeatedly finding that patients with AD 
present with deficits regardless of the nature of the stimuli: delayed recall objects-location 
(Brandt et al., 2005), features-objects (Hoefeijzers et al., 2017), colours-objects (Della Sala et 
al., 2000; Lloyd-Jones, 2005), faces-location (Dudas et al., 2005; van Geldorp et al., 2015), 
faces-names (Hodges & Greene, 1998), object parts (Tippett et al., 2003) or pairs of words 
(Gallo et al., 2004). Tests on associative memory can be very sensitive to the effect of 
cognitive decline; however, they failed one major requirement for AD cognitive markers (see 
Logie, Parra, & Della Sala, 2015; Killin, Abrahams, Parra, & Della Sala, 2017) – to be 
resistant to the effect of age. Indeed, associative memory that relies on object- context 
interaction is affected by age (Naveh-Benjamin, 2000).  
Theory behind the associative memory tests 
Naveh-Benjamin (2000) proposed the Age-Related Associative Memory Deficit Hypothesis 
(ADH) that suggests that memories encompassing complex events are more deteriorated in 
older adults than memories of single or unrelated events. The theory is based on the extensive 
literature that shows that long-term associative memory decline is the hallmark of cognitive 





and semantically unrelated non-words (Experiment 1), pair of words (Experiment 2) and 
words and contextual information (the font that the words were presented-Experiment 3) and 
in the Experiment 4 he tested associative memory under different paradigms: free recall, cued 
recall and recognition. These series of experiments showed that older adults’ difficulties in 
remembering word-word or word-context associations are far greater than their memory 
difficulties for individual words.  
This hypothesis supported an earlier neuropsychological model by Moscovitch (1992) that 
suggests that memory is underpinned by a network with several components. One component 
is the medial temporal/hippocampal that binds events together. This system is fairly 
automatic. The second system is the frontal lobes component that is the effortful system in 
charge of strategic information processing that helps encode the information. Neither of these 
systems work at their prime with advancing age: tests that need the hippocampus or the 
frontal lobes are affected by age.  
The other type of the associative memory that is not affected by age is the so-called 
conjunctive binding (Moses & Ryan, 2006) and the main test used to assess this type of 
memory is the Temporary Memory Binding Task.  
1.2  AD-Specific Markers: The Temporary Memory 
Binding Task (TMB) 
Logie et al. (2015) emphasised that the ideal specific test for cognitive impairment due to AD 
should be specific only to the effect of the disease; should not be affected by healthy ageing, 
make a distinction between non-AD dementias and AD. As AD is a progressive disease that 
takes several years to develop from early symptoms to a full-blown disease the test also 
should be resistant to repeated testing in order to assess the change over time. In addition, it 
should be quick to administer, non-invasive, and sensitive to daily living impairment. The 
body of evidence suggest that the Temporary Memory Binding Task (TMB) satisfies all these 
criteria. A recent consensus paper recommends temporary memory binding - TMB (Costa et 
al, 2017) as the frontier test for AD diagnosis  (see also Rentz et al., 2013).  
An approach to find the earliest marker for incipient AD has come from evidence showing 
that patients with AD have problems dealing with multiple sources of information (e.g., Della 





on-line cognitive processing, which defines the processes whereby different features are 
bound together on a temporary basis as an integrated object. In daily activities, TMB is 
essential to keep track of, for example, whether the white round pill or the yellow oval pill 
has just been taken. In laboratory tasks, individual features like colours and shapes are bound 
to form a coloured shape (Allen, Baddeley & Hitch, 2006; Logie, Brockmole & 
Vandenbroucke, 2009; Luck & Vogel, 1997; Treisman 2006). The task mostly employs the 
change detection paradigm whereby the participant should compare initial array of items 
(study display) and second array (test display) of items after a short retention interval 
(Wheeler & Treisman, 2002). 
This particular TMB task relies on the within-dimension conjunctive binding (e.g., shape and 
colour) and as such it is different from the binding process discussed above subsuming the 
association between two different items (e.g., names and faces, names and places) which is 
known as between-dimension (relational) binding (Isella et al., 2015; Parra et al., 2015) or the 
binding between feature and location (Peterson et al., 2016; Peich et al., 2013; Liang et al., 
2016).  
Theories behind development of the TMB test 
I will present here a condensed description of how binding is represented in visual working 
memory and why binding can be impaired in healthy cognitive ageing.  
Theories of binding  
Feature Integration Theory (FIT) (Treisman, 1996) posits that complex objects are processed 
in two stages. Initially, in the pre-attentive stage, the complex object is perceived not as a 
whole object, but as distinctive separate feature maps (i.e., colour, shape etc.). There is no 
coordination between these maps, and the features are not perceived as elements of objects 
and attention is needed to bind the different pieces of information. These feature maps are 
independent from the master map of locations to which feature maps are linked in the 
secondary stage. Here, features of the object are established through association between 
master and feature maps by the aid of attention.  
The next question is how this complex object is maintained in memory? Does this complex 
object require more effort than a single feature object? The answer came from the study by 





feature is compatible to the maintenance of the combined features object. In this series of 
experiments they showed that the process of binding of features into the object happens 
automatically. They suggested that visual working memory (VWM) stores almost unlimited 
number of distinctive features that represent a complex object but limited in the number of 
objects presented (in their experiment after 4 separate features performance starts to drop) 
meaning there is no extra effort to maintain integrated features compared to single feature 
maintenance.   
The work by Luck and Vogel was challenged by Wheeler and Triesman (2002). In their 
experiments they failed to replicate Luck and Vogel findings where different colours were 
coupled as a single object to increase VWM capacity. Wheeler and Triesman showed reduced 
performance when bicolored stimuli were presented compared to a single colour object. In 
the next series of experiments they investigated shape-location and shape colour binding. 
They showed that in the binding condition performance was worse compared to the single 
feature condition. They explained it by the existence of parallel stores where each feature has 
its own limited capacity cache. In addition, they reported that binding depends on the limited 
attentional recourses that is in line with the FIT theory that postulated that general attention is 
needed for maintenance of successful binding performance. However, there is another debate 
whether binding is an attention demanding process or not.  
In the revised work on WM model proposed by Baddeley, Allen & Hitch (2011) he 
highlighted the role of the episodic buffer in the binding and this role is in the integration of 
information from different modality buffers (phonological loop and visuospatial sketchpad). 
In these series of experiments they found that initial encoding happens automatically and 
does not require any attentional resources, however the maintenance of the information in 
VWM requires attention (Allen, Baddeley, & Hitch, 2006).  Contrary to Baddeley , Allen & 
Hitch (2011), Cowan et al. (2005; 2013) attributes attention a central role in the binding 
process. They concluded that attention is essential to encode several features as well as to 
encode binding. They proposed that WM can hold a limited number (“about 3”) of features; 
depending on the individual’s capacity (i.e the number of features one can hold in WM) the 
number of features that can be retained for each object may differ and therefore the person 






Neuroanatomical distinction of relational and conjunctive associative 
memory 
First decline before AD symptoms involve the perirhinal cortex (PRC) and the enthorhinal 
cortex (ERC) and then spread to the hippocampus (Braak and Braak, 1991) (Figure 1.1).  
There is growing evidence that there is an anatomical distinction between conjunctive and 
relational associative memory. Didic et al (2011) in her hypothesis review proposed the two-
stage model of cognitive deterioration in AD, whereby memory tasks that are sensitive to 
prodromal AD (i.e. before clinical observation) do not depend on contextual information 
(“context-free memory” for objects, facts and concepts), and are typically associated with 
pathological lesions in the anterior medial temporal lobe (MTL) network, including the PRC 
and the ERC. The hippocampus is affected at a later stage, and becomes involved in tasks that 
do require intact use of contextual (“context-rich memory” like spatial and episodic memory) 
information. Therefore, memory changes that occur prior in the hippocampus are more 
promising in detecting AD earlier (Dudas et al., 2005; Wolk et al., 2013; Das et al., 2015). 
Several lesion data showed that damage into hippocampus leads to impairment in relational 
memory at long (Moses & Ryan, 2006) and short delays (Olsen et al., 2012), however 
recognition memory (Holdstock et al., 2005) and conjunctive memory (Mayes et al., 2004) 
remain intact. Unfortunately, hippocampus lesion is not unique to cognitive impairment due 
to AD; healthy ageing also shows hippocampal pathology (Balota et al., 2000). Thus, 













Figure 1.1 Model of the medial temporal lobe structures. 
 
Note: H: hippocampus; ERC: entorhinal cortex; PRC: perirhinal cortex; TPC: temporopolar cortex; PHC: 
parahippocampal cortex; cols: collateral sulcus; cals: calcarine sulcus (The picture is taken from Didic et al., 
2011) 
Conjunctive TMB is shown to engage regions of the ventral visual stream (Figure 1.1) 
(Mayes et al., 2007; Staresina and Davachi, 2010; Parra et al., 2014) and perirhinal cortex 
(Staresina & Davachi, 2010; Watson & Lee, 2013; Clarke & Tyler, 2014) known to remain 
preserved in healthy ageing (Insausti et al., 1998) but affected by AD even earlier than the 
hippocampus damage becomes overt (Didic et al., 2011; Juottonen et al., 1998). Bastin et al 
(2014) analysing brain metabolic activity with PET they directly compared both conjunctive 
and relational associative memory in mild-AD patients and healthy controls. They found 
hypometabolism in the left parahippocampal gyrus and right anterior extra-hippocampal 
regions of the MTL predicted patients’ recall of colour encoded as part of an object (i.e. 
intrinsic). Whereas the deficit for recalling colour encoded as context was associated with 
anterior medial PFC and precuneus, commonly associated with episodic memory. 
 
These important neurophysiological findings imply that TMB shows deterioration earlier on 
the course of the disease and therefore sensitive to early AD compare to relational associative 
memory. 
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Chapter I – Part II 
Everyday functional abilities: Measures, Barriers and 
Suggestions for Improvements.  
The process of cognitive decline dramatically impacts not only cognitive but also everyday 
functional activities. Cognitive abilities have a direct link to everyday functional activities, 
subtle cognitive deficit is already present years before diagnosis and linked to dependency on 
carrying out everyday activities (Cahn-Weiner et al., 2007; Frazer et al., 2012). The presence 
of functional impairment is a strong predictor of progression to dementia not only in 
individuals with MCI, but also in people performing normally on off-the-shelves 
neuropsychological tests (Tabert et al., 2002; Peres et al., 2006; Wadley et al., 2008; 
Okonkwo et al., 2006; Luck et al., 2011; Farias et al., 2013). On the other hand, the absence of 
functional impairment in people with MCI is suggestive of a lower risk of conversion to 
dementia, and of an increased chance of reverting to normal functioning (Peres et al., 2006; 
Luck et al., 2011). Longitudinal data shows that IADL decline in MCI patients is a better 
predictor of conversion to dementia than neurocognitive testing (Barberger-Gateau et al., 2000; 
Peres et al., 2006; Luck et al., 2011; Gold et al., 2012). 
In this part I review the ADL scales and several important methodological issues that concern 
ADL scales and studies on functional abilities. Can we improve measurements of functional 
disability and how? I address cognitive underpinning of functional decline in the next chapter 
separately for MCI and AD patients as depending on the severity of cognitive impairments 
different cognitive construct influence everyday functioning.  
1.3 Defining ADL scales.  
The assessment of activities of daily living (ADL) was introduced by Katz (1963) and further 
developed by Lawton (1969) to define an individual’s ability to complete essential tasks of 
everyday functioning. The initial proposal was to question whether the individual is 
independent in the Basic Activities of Daily Living (BADL). These were the fundamental 
everyday tasks such as dressing, bathing, toileting, grooming, eating, and ambulating. Lawton 
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proposed to add more complex skills that rely on the higher order cognitive skills: 
Instrumental Activities of Daily Living (IADL), they encompass tasks like managing bills, 
using the telephone, driving a car, taking medication, planning a meal, shopping, and working. 
The scale was also more complex as it provided multiple response options and therefore tease 
out the level of severity. Activities of daily living are essential in making a diagnosis of 
dementia; it measures the level of impact of cognitive impairments on everyday functioning, 
as the presence of functional impairment is a signal of progression to dementia.  
Since the performance of IADL requires more cognitive resources, they are more vulnerable 
to the early effect of cognitive decline (Njegovan, 2001; Wicklund et al., 2007; Peres et al., 
2008; Reppermund et al., 2011). Therefore, they have been proposed as aids to the early 
diagnosis of cognitive decline (Njegovan et al., 2001; Nygard, 2003; Sikkes et al., 2009; De 
Vriendt et al., 2013), thus in this introduction I will concentrate only on IADL tasks. 
1.4 New formats of ADL scales  
Traditional ADL-IADL scales are largely ineffective at detecting early stages of disability. 
The need was felt to develop more sensitive measures of IADL that would detect mild 
limitation in functioning. To this end, the Complex ADL scale (CADL) was developed by 
Tabert et al (2002) which addresses issues like the ability to maintain a job, planning a travel, 
participate in community groups, and play games. With a similar scope, the Advanced ADL 
(a-ADL) was proposed by De Vriendt (2012). This scale covers activities that are volitional, 
influenced by cultural and motivational factors, expressing a personal engagement in 
satisfying activities which are beyond what is needed to be independent (e.g. engagement in 
organised social life, semi-professional work, self development/self realisation/self 
educational activities, communication via devices and techniques, etc.).  
In order to enhance the diagnostic validity of ADL scales, researchers either upgraded existing 
scales by including more complex activities (ADCS/MCI/ADL by Pedrosa et al., 2010) or 
focus on only one ADL in particular (finances by Marson et al., 2000; driving by Wadley et 
al., 2009; everyday technology by Rosenberg et al., 2009, Malinowsky et al., 2010 and 
Munoz-Niera et al., 2012; social activities by James et al., 2011; cognitive activities by Geda 
et al., 2010). Jefferson and colleagues (2008) developed a scale that concentrated not on 
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everyday activity performance of the individuals, but on errors that they commit when 
carrying out such activities.  
1.5 Self-reported vs. informant reports vs. performance measures 
The various scales available differ also in terms of the methods they used: self-reported 
questionnaires, performance-based assessment (observation or direct assessment) and 
informant-based questionnaires. Each of these methods of measuring functional abilities has 
inherent limitations. Self- and informant reports are the most commonly used format; it allows 
clinicians and researchers to obtain information about the current functional status of the 
testee relatively fast. Typically, the individuals are given several Likert-type categories to 
ascertain the level of functional ability. The main criticism of self-reports relates to the fact 
that the answers tend to be influenced by mood, misjudgement of one own abilities, and 
misinterpretation of the questions by the responders (Louie & Ward, 2010).   
As cognitive impairment impacts patients’ insight on their functional ability it hinders the 
accuracy of their reports, where they mostly overestimate their abilities (Weinberger et al., 
1992; Loewenstein et al., 2001; Wadley et al., 2003), researchers and clinicians usually rely 
on family and carers’ information as being more objective measures of patients’ performance. 
However, more and more research indicates that caregivers often underestimate functional 
abilities of patients (Zanetti et al., 1999; Loewenstein et al., 2001).   
Some authors maintain that performance-based scales are a better proxy of the real functional 
status than questionnaire-based enquiries as they offer a more direct window on the 
participants ability to enact ADLs and therefore are more objectively valid compared to self- 
and informant reports (Moore et al., 2007; Tam et al., 2008; Wadley et al., 2008; de Rotrou et 
al., 2012; Schmitter-Edgecombe et al, 2012). At the same time performance in artificial 
conditions may not be an accurate reflexion of the true performance in daily life. 
Performance-based measures do not reflect adaptations made by the person in everyday living 
situations like avoiding going out if the weather is bad, using reminders, using the same route 
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1.6 Methodological issues  
There are a few methodological issues with ADL scales that hamper the adequate 
measurement of everyday functional activities. First of all, since the introduction of the first 
ADL scales by Katz and Lawton more and more instruments have been developing every year 
to measure functional status. These measures differ in a number of items, type of rating scale 
and difficulties of the items. Some enquires about whether one can or cannot perform a task, 
other have a different points grade (from 2 (Blessed et al., 1968; Lawton & Browdy, 1969) to 
4-points grade (Farias et al., 2008). The other issue is that there is a variety of reference points 
in time as some of the measures enquire about their activities in the last month (Fieo et al, 
2013) others about current performance on the task compared to 10 years ago (Farias et. al., 
2008; Fieo et. al., 2013). Most of the scales enquire in general: whether there are any changes 
or difficulties in daily tasks performance, this hampers the understanding whether there is a 
decline in performance, or the person always performed poorly or has never done the task. In 
addition, Sikkes and colleagues (2009) in their systematic review of 12 IADL questionnaires 
revealed the lack of content validity, internal consistency, and reproducibility of ADL 
measures. A practical problem in the current use of the available scales, is that most of them 
were devised decades ago and do not reflect the everyday life challenges that people face 
nowadays. This applies particularly to technology and financial use (Munoz-Neira et. al., 
2012; Marson et. al., 2009). Everyday technologies such as home appliances (microwaves, 
digital ovens, and coffee machines) or Internet and smart phones services, numerical codes 
and credit cards become increasingly demanding for older adults and for patients with 
neurodegenerative disorders (Hedman et. al., 2013), minimising their independence. Saying 
that, difficulties in performing IADL can not always be considered as a cognitive impairment 
and succession on the daily task can be a reflexion of a personal preference or previous 
experience or expertise, as well as age (younger vs older participants vs old-old participant) or 
gender (some scales are gender sensitive) or cultural effect (urban population vs rural).  
After refining MCI criteria (Petersen et al., 2004; Winblad et al., 2004), the major criticism of 
the new standards was about “minimal impairment IADL scales” (for reviews see Nygard, 
2003; Sikkes et. al., 2009; Gold, 2012). The difficulties with the latter are caused by the 
release of the new classification system that categorises MCI as having two or more cognitive 
domains impaired and day-to-day functioning with assistance. This allows degrading patients 
who had very mild and mild forms of AD as having MCI. In the research by Morris (2012) in 
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a very large cohort of more than 17000 patients he also postulated that the distinction between 
MCI and AD would be based on the individual judgement of clinicians and therefore 
nonstandard approaches and moves focus from the earliest stages of cognitive decline. The 
problems with differentiating between normal aging and MCI is dictated by the notion that 
present level of functional and cognitive performance should be compared with the previous 
abilities either by a history of change or by serial cognitive tests, that cannot capture the silent 
cognitive feature of AD.  
1.7 How to overcome ADL challenges 
Psychologists have only just began do develop sensitive enough functional instruments to 
detect early declines and change over time in people who are thought to develop cognitive 
impairment. Improvement in understanding the progression of the disease and severity of the 
process may be enhanced by establishing item hierarchy using advanced statistical techniques 
(e.g. Item Response theory (IRT)). Investigating the hierarchy of disability in ADL and 
establishing cut-offs for healthy older people, MCI and dementia stages would be useful to 
determine the level of the disabling process.    
The new approach will be to show which changes in day-to-day functioning are present in the 
current status and to what extent, and include them in the assessment rather than exclude them. 
There are more and more scales being developed to assess early cognitive impairment. There 
should be more studies on the specificity of certain tasks to identify early signs of everyday 
ability impairment. It has been suggested that breaking down components of IADL into 
subcomponents at every step of an activity rather than evaluating the global task performance 
allows for more robust assessment of functional ability in dementia (Beck and Frank, 1997).  
The new approach is developing scales or tasks with the best sensitivity to the early cognitive 
decline. These tools ideally should be non-sensitive to gender, age, and being able to be easily 
adjusted to education level. According to the literature described above, the new instrument 
should include items from the complex IADL tasks like taking medication, use of new 
technologies, or financial abilities. These three everyday tasks do not rely on the mobility 
level or physical fitness, like most others IADL tasks (transportation tasks, climbing stairs, 
bathe, dress, etc.) (Wilms et.al., 2007).  
 
Page 15 of 296 
 
Ideally the new tool should accommodate all three methods of assessment, as it would allow 
us to know the level of real performance and awareness of their own performance.  
Understanding the level of awareness of one’s own performance would add an additional 
marker of progression towards dementia (Okonkowo et. al., 2009; Amanzio et.al., 2013).  
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Chapter I – Part III 
1.8  Healthy ageing  
In this part, I will review the progression of cognitive and functional deterioration from 
cognitively healthy ageing through MCI to AD. I think it is important to understand that even 
though we call it “healthy ageing”, there are unfortunately cognitive and functional issues 
that can be already detected. In order not to over-diagnose we need to understand where is 
this threshold that transfers healthy to pathological ageing.  
1.8.1  Cognitive abilities in healthy ageing 
Some memory failure is already present in normal ageing that poses a common problem for 
clinicians, as it can also be a symptom of age-related diseases. In one commonly cited 
longitudinal study, Wilson et al. (2002) studied 694 healthy adult males and assessed changes 
in cognitive ability over the course of 6 years. There was a general decline across all tasks 
including story retention, word retention, digit span, perceptual speed, visuospatial ability, 
and word knowledge. Studies of cognitive ageing commonly find declines in overall 
cognitive performance across the lifespan (Deary et. al., 2007; 2009; Lindenberger, Mayr & 
Kliegl, 1993; Salthouse, 2010a, 2010b). Others argued that there is a complex pattern of 
decline in healthy ageing. Like that Park et al (2002) demonstrated a decline in tasks related 
to speed of processing and working memory that began in participants’ 20s. This was 
compensated by an increase in verbal knowledge across the lifespan. Johnson, Logie, & 
Brockmole (2010) in a large-scale study of 95,000 individuals who had undertaken memory 
studies identified changes in the level of decline of 5 short-term and working memory tasks 
across the lifespan in adults aged 18-90. In their study visual short-term memory ability 
declined at a far greater rate than verbal short-term memory ability. It was also found that 
older adults relied on more general abilities to complete visual tasks, whilst continuing to 
demonstrate specific abilities in verbal tasks. Different patterns of decline are also described 
in studies on associative memory that are presented with conjunctive and relative binding.   
1.8.2   Associative memory in healthy ageing  
As I mentioned in the Part I, there are two different directions into investigation of the 
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binding in healthy ageing. One is item-context (and its analogous  - inter -item or conjunctive) 
binding that refers to the binding of the object to context (e.g. location) and another is intra-
item binding (or relational) that implies between surface features from different dimensions 
(i.e. shape and colour). These different types of memory binding processes seem to be 
differently affected by age. There is a line of evidence to believe that the binding between 
objects and location in healthy ageing is more fragile than between surface features binding. 
Mitchel et al. (2000) were the first to assess the age effect on binding the object to location in 
WM. In two experiments they showed that compared to a single feature (location alone and 
object alone), older adults are impaired in performance when the task requires recognising 
object-location association. They suggested that this impairment is in part due to the encoding 
problem and also to the “access and evaluation at test” of combined information. This first 
study was extensively criticised by more recent studies because of its methodological flaws. 
The experiments used 8.5 sec interval that could have increased the forgetting in older adults. 
They did not use an articulatory suppression in the task that might have elicited verbal 
rehearsal that is more prominent in younger adults (Bunce & Macready, 2005). In addition, 
their age by condition interaction did not reach the significant effect (p=0.06) meaning that 
there was no clear age effect in the object-location binding condition. Aiming to address 
these methodological errors, Cowan et al. (2006), Peich, Husain, & Bays (2013) and then 
Read, Rogers, & Wilson (2016) found that the effect of age was clearly larger for relational 
binding relative to a single feature condition. In more recent experiments Read, Rogers, & 
Wilson (2016) and Peterson & Naveh-Benjamin (2016) on discriminating objects (shape and 
color) (Kessels, Hobbel, & Postma, 2007) to location showed that older adults compare to 
younger adults have clearly committed “mis-binding errors” where they wrongly associated 
location to a different object. Grober et al. (2008), Frason et. al. (2011) and Killin et. al. 
(2018) in their studies demonstrated that older adults compare to younger adults performed 
significantly poorer on free recall of FCSRT, in addition the age effect is also confounded 
with the level of education and the individual’s gender. 
On the contrary, research on conjunctive binding using the TMB task specifically has more 
clearly suggested that it is not affected by healthy ageing (Brockmole et al., 2008; Isella et al., 
2015; Parra et al., 2009b; Read, Rogers, & Wilson, 2016; Rhodes, Parra & Logie, 2015; 
Bastin, 2017; Hoefeijzers, Gonzalez, Magnolia, & Parra, 2017; Rhodes, Parra, Cowan, & 
Logie, 2017; van Geldorp, Parra, & Kessels, 2014).  In healthy ageing conjunctive within-
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dimension binding does not seem to be affected even under increased attentional load (Brown 
& Brockmole, 2010), extended encoding duration (Rhodes et al., 2016) or with interfering 
information load in the retention interval (Brown et. al., 2017).  
The distinction between two types of binding was assessed by several recent studies that 
directly compared performance on conjunctive and relational binding by younger and older 
adults. Peterson & Naveh-Benjamin (2016) discovered that intra-item conjunction was 
impaired in healthy older adults compared to younger adults only when participants 
performed the task without articulatory suppression, but there was no age effect when young 
and older adults did the task under articulatory load (i.e repeating one syllable word). They 
noted that younger adults might have verbalised the relevant features and, in this way, had an 
advantage over older adults. This advantage disappeared when verbalisation was suppressed 
by the concurrent task. In the experiments with the item-location binding task they discovered 
a general impairment on the binding task by older adults regardless whether participants had 
a concurrent task or not (i.e. counting backwards in the Experiment 2 and repeating one 
syllable word in the Experiment 3). The other study that directly compared the performance 
on relational and conjunctive binding (van Geldorp et. al., 2015) did not find a specific 
decline in relational binding over conjunctive binding, however it showed that articulatory 
suppression disrupted the former in greater extent than the later, which suggests that more 
attention is required to the relational binding. These experiments confirm distinction between 
two types of binding and offer some explanations of this distinction. In accordance to FIT 
(Triesman, 1996) a feature of the stimuli can be perceived as one object and processed 
automatically (Luck & Vogel, 1997), however object-location binding is a more resource-
demanding task.  Conjunctive binding for older adults does not require more attentional 
resources and the effect of distracting task affects young and older participants’ memory 
comparably confirming once again that that this type of memory is spared in ageing. These 
evidences make TMB a robust measure for early AD prediction.  
1.8.3  IADL in healthy ageing  
Rapid changes in the modern world in almost all spheres of our lives impose a great 
challenge to older people who cannot cope with the pace of the new developments. New 
technologies, communication, economic and financial systems are shown to be the problem 
even for healthy older people. The main challenge when assessing ADL performance in 
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healthy older people is to understand whether the participants cannot perform a certain 
activity due to cognitive problems or any other factors. Kelly-Hayes (1992) clearly 
differentiated between functional impairments that make the activity impossible to perform 
and the actual competence with the activity. The main problems in everyday function for 
healthy older people are those activities that rely on physical component. That said, there are 
studies that find a large confounding effect between ADL impairment and mobility level 
(Wilms et al., 2000; 2007).  
It is important to note that Kovar and Lawton (1994) indicated that ADLs were initially 
formulated to assess the functional status of chronically ill or institutionalised older people. 
Thus, they may be ineffective when evaluating community dwelling populations in which 
researchers have to identify very low levels of disability. Currently, traditional ADL-IADL 
scales are largely ineffective at detecting early stages of disability when applied to 
community-dwelling persons. This will result in large ceiling effects, with a large proportion 
of subjects being ‘unmeasured’. On the other side, the traditional measures would capture 
more mobility-related limitations (shopping, transportation, regular outings, etc). Here it may 
be useful to note that Ng, Niti, Chiam, & Kua (2006) found that some commonly used IADL 
items (based on exploratory factor analysis) can be differentiated into physical IADLs and 
cognitive IADLs. Physical are those including housework, laundry and doing grocery 
shopping. Cognitive ADL included items like finances, managing medication and using 
telephone. Most physical IADLs items decline prior to cognitive IADLs that support the view 
that dementia and age related cognitive change result from separate aetiologies. According to 
Meguro et al. (p. 565, 2001), “dementia is better conceptualised as age-related (occurring 
within a specific age range) rather than as an aging-related disorder (caused by the aging 
process itself)”. 
In Chapter six I investigate what everyday function items healthy older participants fail to 
perform well and what are the causes of the problems. I also investigate the relationship 
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1.9  Mild Cognitive Impairment  
1.9.1  Diagnostic Criteria 
Mild Cognitive Impairment (MCI) or Mild Cognitive Disorder (MCD) – according to the 
newly developed DSM-5 – is a transitional stage between normal function and dementia and 
therefore represents the earliest stage of cognitive decline. A review of the literature suggests 
that much controversy surrounding the term MCI comes from the fact that diagnostic criteria 
have been implemented in a variety of ways in research and clinical settings. In addition, most 
of the research takes MCI as a whole group, however the disorder is more heterogeneous than 
was originally suggested (Petersen et al., 1995) with different outcomes that depend on the 
form of MCI. There is a growing amount of studies that support the argument that MCI is a 
stage between normal aging and Alzheimer’s disease, however recently the term MCI started 
to apply to describe a transition between normal aging and dementia due to Lewy Body and 
Parkinson’s disease (Caviness et al., 2007; Boeve, 2009 (pg.197-212); Goldman & Litvan, 
2011). The key challenge is to determine what form of MCI signals to what type of dementia. 
The original diagnosis of MCI linked to AD dementia suggested that patients would present 
with impairment in memory or other cognitive domains and with Activities of Daily Living 
preserved (Petersen et al., 1995; 1999). From the first published criteria in 1999 by Petersen 
R.C. the past decades have witnessed a tremendous progress in the characterisation of the 
early cognitive symptoms of dementia. Diagnostic criteria for Mild Cognitive disorder (or 
Mild Neurocognitive Impairment in the DSM-4) from DSM-5 are as follows: evidence of 
modest cognitive decline (more specifically in Petersen et al., 2004: 1.5 SD below the mean of 
the age norm) from a previous level of performance in one or more cognitive domains 
(complex attention, executive function (EF), learning and memory, language, perceptual 
motor, or social cognition) based on self- or informant report that there has been a mild 
decline in cognitive function; and a modest impairment in cognitive performance, preferably 
documented by standardised neuropsychological testing or, in its absence, another quantified 
clinical assessment. Those first Petersen criteria (1999) that specified that for a person to be 
diagnosed with MCI he/she should demonstrate normal daily functioning, has been reassessed 
in the later criteria to “minimal impairment” in daily functioning (Petersen, 2004; Winblad et 
al., 2004; Albert et al., 2011). In DSM-5 it is more specific: The cognitive deficits do not 
interfere daily functioning and live independently (i.e., complex instrumental activities of 
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daily living such as paying bills or managing medications are preserved, but it is noted that 
greater effort, compensatory strategies, or accommodation (i.e. adjusting goals and criteria) 
may be required) (American Psychiatric Association , 2013).  
Heterogeneity of the disorder  
From a diagnostic perspective, the concept of MCI has been recognised as being 
heterogeneous (Petersen, 2004). Amnestic form of MCI (aMCI), which, as its name implies, 
represents a primary memory disorder with isolated progressive or static memory deficits 
(delayed-recall verbal memory, nonverbal memory, or both) and relative preservation of other 
cognitive domains. aMCI can be subdivided into a single domain (aMCIsd) subtype with a 
pronounced memory deficit or a multiple domain (aMCImd) subtype that includes memory 
impairment along with a progressive or static deterioration in at least 1 cognitive domain (not 
including memory) such as language, EF, and visuospatial skills, or 1 abnormal test in at least 
2 other domains, but who had not crossed the threshold for dementia. The other major subtype 
of MCI is non-amnestic (non-aMCI), which similarly can be subdivided into single and 
multiple domain subtypes (Petersen, 2006). A purely amnestic syndrome, however, may be 
relatively uncommon in individuals with MCI within the community (Jagust et al., 2002), and 
declines in other cognitive functions including naming, orientation, verbal fluency, mental 
control, EF, visuospatial ability, and general cognition often occur in conjunction and may be 
important predictors of subsequent dementia (Flicker et al., 1991; Albert et al., 2001).  
Despite increased risk of progressing to dementia, a substantial proportion also remained 
stable or reverted to normal during follow-up (Petersen et al., 1995; Albert et al., 2001; 
Winblad et al., 2004; Ganguli, 2004). Although patients with MCI may remain non-demented 
or revert to a cognitively normal state, longitudinal studies of patients with MCI show 
conversion rates to dementia ranging from 6% to 44% annually (Petersen et al., 1999, 2004), 
20% to 66% over 3 to 4 years (Flicker et al., 1991; Kluger et al., 1999), and 60.5% to 100% in 
5 to 10 years (Morris et al., 2001). If MCI subtypes were investigated separately, amnestic 
MCI types had higher conversion rates to dementia than the non-aMCI types (Ganduli et al., 
2011; Marcos et al., 2016). It has been proposed that each of the MCI subtypes is associated 
with an increased risk of developing a particular type of dementia such as AD or PD (Petersen, 
2004; 2011). However, research indicates that single-domain aMCI is a rare and unstable 
condition and can remains either stable or revert to a normal cognitive function (Ganduli et al., 
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2011; Mitchell et al., 2009; Saxton et al., 2009). AD was the most common dementia type at 
follow-up in MCI subtypes. Having aMCImd is the strongest predictor to progression to AD 
(Forlenza et al., 2009) as they are in the more advanced stages of the cognitive deterioration 
(Burton et al., 2009). People with non-aMCI–multiple domains were more likely to progress 
to a non-AD dementia (Busse et al, 2006).  
1.9.2  TMB in MCI 
To my knowledge, there was only one study that assessed purely behaviourally conjunctive 
memory binding in MCI. In the recent study by Koppara et al. (2015) people with subjective 
cognitive decline (SCD) and MCI patients show TMB deficits similar to those observed in 
asymptomatic presenilin-1 mutation carriers (Parra et al., 2010). In their study SCD did not 
show any signs of decline on the standard neuropsychological tests, but show decline in TMB. 
Compared to controls, patients with MCI exhibit worse performance in a single feature 
condition that imply that MCI patients have STM memory impairment which probably meant 
that their MCI patients are closer to AD development or converters to AD [see Parra et al., 
2016] . This aligns with evidences from hippocampal literature (Moses & Ryan, 2006), it 
suggests that the hippocampus stores association of the features and features themselves, 
meaning that in their experiment the hippocampus is already showing signs of decreased 
activation. 
The other recent study examines the electrophysiological attributes of TMB in MCI patients. 
This study gives an answer to the question about what neural network is affected in early AD 
and how it disrupts the processing of the complex stimuli. Pietto et al. (2016) in his study he 
recruited patients with sporadic and familiar MCI (single and multi-domain amnestic and 
non-amnestic multi-domain MCI and MCI patients with the mutation E280A of the 
presenilin-1 gene). Behavioural findings of this study are consistent with the results of the 
Koppara’s study. Both MCI patient groups performed significantly worse than controls on the 
TMB task. Electrophysiologically, MCI patients showed reduced brain activity whilst 
performing the task in all brain regions, with the most decreased activation over the fronto-
central and parieto-occipital in all ERP components.  
In the study, N1 and P2 were diminished over the parieto-occipital region and the fronto-
central regions respectively that reflects impairments in processing and detection of relevant 
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stimuli features. Reduction of the Late Post-stimulus Positive component (LPP) over the 
parieto-occipital region and the fronto-central regions during the retrieval phase suggested 
uncertainty if the was a change between the study and the test arrays. The overall findings 
suggest that patients in the early stages of the disease are impaired in early processing 
stimulus features and detection of the relevant features. Then, during the test stage, patients 
have difficulties in evaluation and monitoring processes that leads to increase uncertainty if 
there was a feature change in the Shape-Colour Binding condition and to errors in performing 
the task. These findings once again support the Feature Integration Theory (Treisman et al., 
1996) and ideas of Cowan et al. (2008; 2013) that in order to integrate separate features into a 
complex object it requires attention. Therefore, a specific attentional mechanism disruption in 
the parieto-occipital region and the fronto-central regions that require encoding features 
integration is the early sign of cognitive impairment. 
1.9.3 IADL in MCI.  
MCI diagnosis was initially formulated as a transitional state between normal cognition and 
probable dementia and it was characterised by memory impairment and absence of functional 
decline (Petersen et al., 1999). However, the latter criterion has been subsequently criticised. 
Several studies showed that people at risk of dementia present with impairments that are 
detectable through the execution of everyday activities even before the formal clinical 
diagnosis is made (Barberger-Gateau et al., 1999a; Artero et al., 2001; Tabert et al., 2002; 
Nygard, 2003; Farias et al., 2013). The original definition of MCI (Petersen et al., 1999) was 
therefore refined by the Working Group on MCI which proposed to include “minimal 
impairment in more complex ADL” in the diagnostic criteria for MCI (Petersen et al., 2004; 
Winbland et al., 2004). This modification has been subsequently supported by a considerable 
number of replications showing that mild impairments in daily functioning are present in 
people with MCI (Njegovan et.al., 2001; Tuokko, Morris, & Ebert, 2005: Farias et al., 2006; 
Peres et al., 2006; Perneczky et al., 2006; Giovannetti et al., 2008; Aretouli et al., 2009; 
Pedrosa et al., 2010; Albert et.al., 2011; Yeh et al., 2011; De Vriendt et al, 2012; Gold et al., 
2012). According to Hesseberg and colleagues (2013) only 34% of people diagnosed with 
MCI reported independent functioning in IADL scales.  
A number of studies demonstrate that severity of functional decline aids to track progression 
from MCI to AD therefore predicts which MCI patients are in more advanced stages and who 
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will progress to dementia. This way, it was shown that multiple-domain MCI (mdMCI) has 
greater IADL impairment than single domain MCI (Kim et al., 2009, Pereira et al., 2010, Yeh 
et al., 2011; de Rotrou et al., 2012). Similarly, amnestic MCI (aMCI) present with more 
deficits in IADL than non-amnestic MCI (non-aMCI) (Bangen et al., 2010; Tang et al., 2010; 
Luck et al., 2011).  
In my review I focused on performance on IADL by MCI and AD patients as BADL 
represents a basic set of needs essential for independent living and deteriorates at the 
advanced stages of dementia. In this part of the introduction I review the current views on 
IADL performance by MCI. Is it possible to determine which ADL domains are the most 
complex and therefore show the first signs of deterioration? To what extend this function 
should be impaired in order to comply with the definition “minimal impairment”? 
What are complex ADL? 
Complex everyday activities are those that require more neuropsychological capacities and 
therefore more prone to early impairment triggered by cognitive decline (Njegovan et al., 
2001; Peres et al., 2006; Perneczky et al., 2006). However, establishing a unique and the most 
complex ADL task that in principle will be the most sensitive to the early cognitive 
deterioration prove to be quite challenging. Just to give an idea on discrepancies between 
studies, this is what review of the literature on IADL suggests as a complex: some authors 
have reported that a grocery-shopping task is more demanding and therefore sensitive to 
cognitive deterioration (Wadley et al., 2008). Others pointed to, that keeping appointments, 
remembering current events, using the telephone, and finding belongings are the most 
complex ones (Aretuoli and Brandt, 2010). Managing medication, shopping, planning and 
cooking meals, but not telephone use and housekeeping was found to be impaired earlier in 
MCI patients compared to healthy older by Hesseberg and colleagues (2013). According to 
Reppermund et al. (2011) finding directions and doing two things simultaneously are the tasks 
with the higher cognitive demands. Barberger-Gateau and colleagues (1999) and then later 
confirmed by Kim et al. (2009) maintained that the best four IADL tasks predicting dementia 
conversion were instead, telephone use, medication management, mode of transportation and 
managing money.  
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Nevertheless, a common trend can be found: quite a few authors have argued that financial 
management is a particular complex cognitive task apt to differentiating healthy older people 
from people with MCI (Fitzgerald et al., 1993; Griffith et al., 2002; Artero et al., 2006; 
Mariani et al., 2008; Okonkowo et al, 2008; Kim et al., 2009; Pedrosa et al., 2010; Pereira et 
al., 2010; Luck et al., 2012; Arrighi et al., 2013). The numerous studies on financial abilities 
show that MCI patients compared to their healthy older counterparts show decrement in 
financial conceptual knowledge, bank statements, and paying bills (Marson et al., 2001; 
Griffith et al., 2003; Ozioma et al, 2006). Changes in modern financial systems impose the 
struggle for healthy older adults and people with cognitive impairment (Marson et al., 1999; 
Griffith et al., 2003; Van Wiellingen et al., 2004; Kershaw and Webber, 2008; Marson et al., 
2014). Rosenberg and colleagues (2009) and Munoz-Neira et al. (2009) found that people 
with MCI differed from healthy older people in the perceived difficulties in using modern 
technologies and proposed that the faulty use of modern technologies could be a sensitive 
indicator of the first signs of MCI. This can be applied to financial systems: mobile banks, 
self-deposit machines in banks, etc, etc.  
 “Minimal impairment” 
There is a trend that can be drawn from the literature that compare to healthy controls, people 
with MCI are slower, however do not commit more errors in IADL (Okonkowo et al., 2006; 
Tam et al., 2008; Wadley et al, 2008; Kim et al., 2009). Tam et al. (2008) referred to subtle 
changes in MCI and characterised them as having lack of initiation in performing daily 
activities (without referring to any particular tasks) and need prompts and reminders to carry 
out these activities. A more comprehensive view on subtle functional problems of people with 
MCI came later from the explorative study by De Vriendt et al. (2012). Using an “open-
minded approach” they asked their participants to describe their typical day and then clustered 
all activities and problems associated with them according to the International Classification 
of Functioning, Disability and Health (ICF) (WHO, 2001). All participants reported that they 
reduced the number of activities due to lack of energy or because of the problems they 
experienced to perform daily tasks. Participants complained on lack of initiative and 
perseverance, difficulties in staying focused or going back to the task after being interrupted. 
They also noted that participants had difficulties adapting to new circumstances and situations 
and their diminished flexibility to react to unexpected events. They needed external aids, 
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reminders, or notes in order to successfully perform even some familiar activities (e.g. 
cooking a complex meal or using a coffee machine).        
Cognitive underpinning of functional abilities in MCI 
Functional abilities are reported to correlate with cognitive performance in MCI people 
(Njegovan et al., 2001; Tuokko et al., 2005; Perneczky et al., 2006; Tam et al., 2009; Tan et 
al., 2009; Farias et al., 2013). There have been numerous attempts to investigate whether a 
unique cognitive process is associated with functional impairment in people with MCI (see 
Table 1).  
Some researchers argue that measures of global cognitive functioning strongly correlate with 
functional abilities and explain significantly more variance than tests on executive function, 
attention, memory, verbal, or visuospatial function (Royall et al., 2007). On the contrary, 
others posited that functional skills are loaded on a particular cognitive domain. Like that, it 
has been proposed that memory component and mostly episodic memory supports successful 
daily activities (Farias et al., 2009). The completion of everyday tasks may, in addition, rely 
on high-level executive function, in particular, planning and organisation domains (Farias et 
al., 2009) and inhibition of prepotent responses (Jefferson et al., 2006).  
There have been several attempts to link specific cognitive constructs to particular functional 
subscales. Shmitter-Edgecombe et al. (2009) reported that temporal order memory (i.e., 
remembering when an event occurred) was a significant and unique predictor of items 
inquiring about food preparation, while source memory (i.e., remembering how this event 
happened) was needed for social functioning (keeping track of who said what). They also 
found that temporal order memory and prospective memory (i.e., remembering to carry out a 
future action) are needed for successful medication use and household activities. Driving and 
modes of transportation were associated with both a cognitive component, including planning 
and inhibition, and a physical component (Peres et al, 2006). However, others showed that it 
was memory, processing speed, visuo-spatial perception and attention (Barberger-Gateau et al, 
1999). In sum, the findings are inconsistent and, consequently, there is no consensus on 
whether or not a single test or a combination of tests are associated with functional abilities in 
people with MCI.  A few studies explored deficits in financial management in aMCI in more 
details and showed that the functional impairments were not due to memory deficits, but 
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rather due to decline in attention, self-monitoring, and integration of information (Okonkowo 
et al., 2006).  
Challenges 
Challenges to find a mainstream in IADL impairment due to MCI are manifold. First of all, it 
is very rare that different studies are using the same IADL, making comparisons across studies 
challenging. In addition, most of the studies reported performance on the whole scale rather 
than on itemised tasks making it difficult to detect the relative weight of individual items (see 
Table 1). More and more research has attempted to design the most sensitive scale for 
“minimal IADL impairment”. Every paper to date that investigates IADL performance on 
MCI patients emphasises that it is still yet unclear the degree of associated daily function in 
MCI. There is no consistency on what is considered a complex task. As there is no one “gold 
standard” IADL, it is very difficult to establish the cut-off scores, where we can say that this 
function is impaired. The major gap in the characterisation of functional abilities among 
individuals with MCI is the lack of a definition of what constitutes minimal/moderate/major 
functional decline and what cognitive attributes accompany these deficits.  
There is a large discrepancy in the means of assessment of IADL: informant-based, self-rated, 
or performance-based measures (Table 1). Some of the studies demonstrated impaired IADL 
on the performance-based measures when informant-based questionnaires suggested a normal 
functioning (Goldberg et al., 2010). However, most of the research relies on collateral sources 
of information, such as a spouse or other relative, and self-rated measures as they are easy to 
use and do not require special training to obtain the information and there is no consensus 
regarding which method is the most optimal to approximate real world behaviour. Most of the 
paper-and-pencil ADL questionnaires that have been devised do not reflect the complexity of 
real-world challenges. There is evidence that proxies are not always a reliable source of 
information, as they have a tendency to over- or underestimate IADL deficits (Farias et al., 
2005: Okonkwo et al., 2009). In some cases, a proxy is not available or has massive 
knowledge gaps. Controversy exists about the ability of patients with MCI to adequately rate 
themselves, as they lack awareness of IADL deficits and overestimate their functional 
capacity (Tabert et al., 2002; Cramer et al., 2004; Farias et al., 2005; Okonkwo et al., 2009; 
Suchy et al., 2011). Performance-based assessments despite being more reliable measures, 
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have better validity and do not have reporter bias, however, it is criticised for allowing 
observation of only a small excerpt of real-world performance and are quite time-consuming.  
Another challenge of the existing literature is in a massive difference in MCI diagnostic 
criteria (Table 1). In addition, some of the studies recruit MCI patients without differentiating 
them into the subgroups, other divide them into two or four subgroups. Most of the studies 
used Petersen criteria, however cut-off scores varied between 1SD and 1.5 SD below age and 
education norms. Other studies rely only on clinical criteria. MMSE scores range from 22 to 
24 which is problematic as it might include undiagnosed dementia, and IADL impairments 
might be more severe.  
There is also a difference in the source of the recruitment. Some studies recruited their 
patients from the community, others from hospitals. Farias et al., 2009 showed that there is a 
different conversion rate depending of whether MCI patients were recruited from the clinic or 
community cohorts. Their clinical sample showed more functional problems than the 
community one. In addition, at the baseline cognitive and functional measures in these two 
groups differ significantly.   
1.10  Alzheimer’s Disease  
1.10.1  Diagnostic criteria 
The diagnostic criteria for AD according to the new classification system (DSM-5) include the 
family history of AD and genetic testing. Patients with this neurodegenerative brain disorder 
should display evidences of memory decline and impairment in learning abilities or any other 
cognitive domains that can be obtain by the detailed history and neurocognitive testing. The 
primary disorder characteristic is a steadily, progressive and inexorable decline in cognition, 
without extended plateaus (American Psychiatric Association , 2013). However, definite 
diagnose is based on the presence of pathological hallmarks of AD such as amyloid plaques 
and neurofibrillary tangles which appear initially in the mesial temporal lobes and can be 
detected by the modern neurovisualisation.   
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Are biomarkers useful for early diagnosis of AD-type dementia?  
Neuropathologically, AD is characterised by extracellular deposits of amyloid (“senile 
plaques”) and intracellular accumulation of tau (“neurofibrillary tangles”) in the brain. Even 
though much research has been done since the first discovery of the disease, neuro-patho-
physiological mechanisms of AD still remain to be unravelled. Figure 1.2 depicts the widely 
accepted amyloid cascade hypothesis of AD. According to that, amyloid plaques occur first, 
followed by neurofibrillary tangles and eventually leading to neuronal loss, specifically of the 
hippocampus, a brain structure essential for memory performance (Hardy & Higgins, 1992; 
Jack et al., 2010). In most cases the cause of AD pathology is unclear. Three genes that affect 
amyloid metabolism are preseniline 1, preseniline 2, and amyloid precursor protein, however 
they are responsible for only a small percentage of AD cases (Harvey et al., 2003; Goate et 
al., 1991; Levy-Lahad et al., 1995; Sherrington et al., 1995). Most patients have a sporadic 
form of the disease, as it was shown in the study by Gatz et al. (2006), who found 80% 
heritability from AD in twins. The most studied genetic risk factor for AD is the APOE-e4 
genotype.  
Figure 1.2 The amyloid cascade associated with AD pathology and biomarkers.
 
Note: The presence of amyloid plaque in the brain is correlated with the reduced level of amyloid beta 1-42  
(Aß1-42) in the CSF, and the presence if neurofibrillary tangles in the brain is reflected by increased levels of 
CSF total tau (t-tau) and tau phosphorylated at threonine 181 (p-tau) (Tapiola et al., 2009).  
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For decades the diagnosis of probable AD has been based purely on clinical symptoms 
(McKhann et al., 1984).  However, in 2011, the National Institute on Aging and Alzheimer’s 
Association (NIA-AA) (Albert et al., 2011; McKhann et al., 2011; Sperling et al., 2011) 
created a set of recommendations whereby imaging and cerebrospinal fluid (CSF) should be 
used in symptomatic individuals to verify AD pathology to detect neurodegeneration and 
presence of b-amyloid deposition and pathologic tau protein. Amyloid disposition was placed 
at the apex of the biomarkers hierarchy and AD is already defined not by the clinical 
consequences of the disease (i.e. signs and symptoms), but its underlying pathologic process 
documented by in vivo biomarkers (b-amyloid deposition, pathologic tau, and 
neurodegeneration [AT(N)].).   
However, since 2011 there was substantial research showing that MRI, PET, and CSF tau are 
not specific to AD, but rather nonspecific indicators of brain damage (Wirth et al., 2013).  
From 10 to 30% of individuals that are clinically diagnosed as AD do not display 
neuropathological changes that are characteristic to AD (Nelson et al., 2011). Similarly, 
individuals that at autopsy were present with AD neuropathological changes did not display 
any signs or symptoms, 30-40% cognitively healthy older adults have AD changes in the 
brain (Knopman et al., 2003). In addition, none of the biomarkers are as sensitive as direct 
post-mortem examination of the brain tissue (Jack et al., 2018). 
In addition to being non-specific, imaging and biomarkers are expensive, invasive (CSF can 
be obtained by lumbar puncture) and require speciality clinics and equipment, which restrict 
their wider use and were recommended to stay as a research tool rather than a widespread 
clinical diagnostic tool (Sperling & Johnson, 2013; Jack et al., 2018). Moreover, given that 
the number of AD patients will be only increasing, the cost of these diagnostic methods and 
resources to cover all needs will be unattainable. Therefore there is a need for alternatives, 
those tools that are still sensitive and specific, but non-invasive and more affordable that 
allow identification of the preclinical dementia and also help monitor the progression of the 
disease. 
Many patients with AD pathology have a concomitant medical condition (e.g. vascular 
disease) that can complicate the diagnosis. Even with the aid of neuroimaging AD brains in 
some cases prove not to have original AD plagues and tangles; diagnosis may worsen by the 
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existence of abundant cortical Lewy bodies even without parkinsonism in the patient’s history 
(Mandell & Green, 2011) 
The course of the disease goes through three stages: Initial, early, or a stage 1; intermediate, 
moderate, or a stage II; and advanced, severe, or a stage III. Each stage denotes severity to the 
cognitive and functional deprivation. However, the individual variations on each stage have 
occurred.  
Evidence suggests that the earliest changes occur in the medial temporal lobe (MTL) 
structures (hippocampus and entorhinal cortex) that are responsible for episodic memory 
(Braak and Braak, 1991). This is consistent with the evidences that during the initial stage 
memory impairment characterised by the more-than-before forgetfulness and patients 
themselves are more aware of the decline than sometimes their spouses, family members and 
colleagues. The episodic memory decline is the most prominent characteristic: individuals 
have problems with encoding, retaining and retrieval of the new information. At this stage 
testing on the delayed recall especially with distracting task is poor, as well as brief stories 
and nonverbal material are poorly recalled (Mesulam, 2000; Small et al., 2000; Mandell & 
Green, 2011; Lezak, Howieson, & Loring, 2012). Tests involving associative learning and in 
particular spatial component is shown to be particularly sensitive (Fowler et al., 2002). 
Semantic encoding does not improve performance on the delay recall compared to healthy 
adults (Salmon & Bondy, 2009).  
Patients experience decreased inhibitory processes and increased sensitivity to interference 
(Jacobs et al., 1990), selective and divided attention are particularly vulnerable. Sustained 
attention is the most resistant component (Calderon & Perry, 2001). These intrusion errors and 
forgetfullness interfere with daily living activities. Individuals can live independent lifes, pay 
bills and remain socially active, however become more superficial and ineffective and less 
decisive. (Mandell & Green, 2011; Mesulam, 2000). Visuospatial and perceptual 
dysfunctions occur early. Aphasia is an important feature of AD and depends on the severity 
of dementia and usually occurs in the particular sequence, however it is always fluent 
(nonfluent aphasia should rise the possibility of alternative diagnosis) (Mesulam, 2000). 
Word-finding difficulty is the earliest manifestation sign; speech initiation becomes less 
spontaneous.  
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On the second stage as the pathology spreads from MTL to the associated cortices (temporal, 
frontal, parietal) (Braak & Braak, 1991) patients have difficulties in storing new information  
over the brief period of time, as well as maintenance a coherent stream of thoughts. Other 
cognitive abilities such as language, visuospatial function and EF become apparent. At this 
point patients have anosognosia and they deny any cognitive and functional difficulties 
(Mandell & Green, 2011; Mesulam, 2000). With disease progression speech becomes less rich 
for nouns and then verbs and at the latest stage the lexicon contains mostly words without 
clear referents such as “thing/it/this” that reduces the meaning of the parlance. Basic language 
structure remains intact. Eventually patients become disprosodic and fail to discriminate 
emotional tone; at the terminal stage some patients become mute (Mandell & Green, 2011). 
As the disease progresses patients become more distractible with impaired planning, goal 
setting and decision-making (Lefleche & Albert, 1995; Salmon et al., 2009).  
Some patients display apathy of a different range of severity from mild passivity to the abulic 
immobilisation (Mandell & Green, 2011). Depression usually accompanies AD and 
complicates diagnosis and can be a result of a patient’s sense of declining function (Mesulam, 
2000).  
The final stage is characterised by the inability to recognise members of their family, 
difficulty in feeding and mobility.  
1.10.2 TMB in AD 
TMB shows a clear and specific effect in AD (Parra et al., 2009). In two experiments Parra et 
al. showed deficit in memory binding in AD patients compared to healthy ageing. Healthy 
controls showed deficit neither on memory for a single feature nor on memory for bound 
features even under high memory load. In addition, AD patients had more pronounced deficit 
in conditions where they needed to retain bound (i.e. shape and colour) features compare to a 
single feature objects (i.e. only colour or only object). In their experiments Parra et al. (2009) 
showed that the binding deficit in AD is not due to overall memory impairment or problems 
in dealing with perceptual complexity, but represents a specific paramount deficit for bound 
information. In the further experiments Parra et al. (2011) additionally show that not only 
binding features between dimensions (e.g. shape and colour), but within dimension (e.g. 
colour and colour) is impaired in sporadic and familiar AD, but spared in healthy ageing. 
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TMB detects otherwise asymptomatic carriers of the mutation E280A in the Presenil-1 gene 
that leads to familial AD and early-onset familial Alzheimer’s disease carriers (Parra et al., 
2010). Both AD patients groups were impaired in the binding condition of the task. This 
result is striking, as asymptomatic carriers did not show any signs of cognitive deterioration 
on the standard neuropsychological test that they performed as well as the control group. It 
shows that TMB test can help to detect changes in at risk populations, who had not yet 
developed the disease, where other cognitive tests are not sensitive enough. Compare to the 
earlier study (Parra et al., 2009) in the current one the researchers were using a version of the 
same VSTM – visual recognition – as opposed to free recall of verbal features suggesting that 
conjunctive within features binding is a unique deficit in AD that is not restricted by the 
retrieval process or the task at hand.  
Due to its reliance on simple non-verbal shapes and colours, the TMB test can be used with 
people with limited language skills. Moreover, it is not affected by repeated testing (Logie et 
al., 2009), or by the level of education (Parra et al., 2011), so it can be used to test people 
with low levels of literacy as well as people who are highly educated and in assessing patients 
with very different socio-cultural backgrounds (Parra et al., 2011).  
These main results have been replicated in several contexts and countries including Brazil 
(Cecchini et al., 2017); Romania (Della Sala et al., 2016), Germany (Koppara et al., 2014), 
Italy (Della Sala et al., 2012; Parra et al., 2009), Argentina (Pietto et al., 2016), Colombia 
(Parra et al., 2011) and the UK (Parra et al., 2010), and Russia. As population profiles in most 
countries become increasingly distinct (Manly, 2005; Grober et al., 2010), 
neuropsychological tests will have to meet certain requirements in order to be applicable in 
clinical practice. These include: insensitivity to linguistic, ethnic and cultural influences and 
easier to use for screening in primary care facilities (Grober et al., 2008; Logie, Parra, and 
Della Sala, 2015).  
1.10.3 IADL in AD. 
With the emphasis on the early diagnosis of AD, most of the recent studies are with the 
patients with MCI and healthy older adults. However, there is a need to distinguish MCI with 
mild dementia and the latter with the moderate dementia. Most of the time it is difficult to 
judge where is that line of functional impairment between MCI and mild dementia.   
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Functional impairment is central to the concept of dementia. In patients affected by AD, 
decline in functional abilities progresses hierarchically from higher order daily functioning 
and complex IADL to more basic, routine and overlearned domains that related to BADL 
(Suh et al., 2004: Arrighi et al., 2013). The latter tends to change in patients from moderately 
to severe dementia.  
Early research showed that finances, telephone, medications, transportation found to be more 
impaired in AD patients compare to MCI (Barberger-Gateau et al., 1999) this was confirmed 
by several more recent studies (Njegovan et al., 2001; Arraghi et al., 2013; Hesseberg et al., 
2013). However, IADL scores vary over a broader range from MCI and early stages of 
dementia to moderate dementia severity. Therefore, from this overlap a question can be drawn, 
what is the difference in performance between MCI and dementia and how much of the 
impairment should be present in order to draw lines between normal cognitive functioning, 
MCI and dementia?  
Several research groups tried to disentangle these overlapping impairments in daily activities 
between MCI and mild AD. One of the directions is the direct observation of patients with 
MCI and AD that showed patients with mild AD committed more total errors on the 
Naturalistic Action Test (NAT) compared to individuals with MCI (Giovannetti et al., 2008). 
More specifically, Schmitter-Edgecombe & Persey (2014) using the same task showed that 
patients with dementia commit more omission and substitution errors, as well as inefficient 
actions. Patients with dementia are also engaged in more irrelevant tasks compared to MCI. 
When dressing up mild AD patients the most common errors were unsatisfactory executions 
and incorrect choices of clothing (Feyereisen, 1999). During the tasks of preparing a hot drink 
and packing a school bag or picnic basket, omission, sequencing and action addition errors 
were the most common in AD patients (Ramsden et al., 2008). Mild AD patients were 
impaired in all domains of financial capacity (Martin et al., 2008), whereas MCI patients had 
more difficulty with conceptual understanding of finances (e.g., bank statement management, 
bill payment) and relatively preserved procedural skills (e.g., cash transactions; Okonkwo et 
al., 2006).  
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Cognitive underpinning of functional abilities in AD  
Cognitive predictors of everyday action performance depend on the severity stage of 
demented process. Several research groups have initiated longitudinal studies whereby they 
aim to understand the rate of change in everyday function in each stage of dementia in relation 
to global cognitive function. Arrighi et al. (2013) using informant-based DAD reported that 
activities like “organise finances” and “adequately organise correspondence” were lost at the 
early course of the disease, when median MMSE was 23-24. Then the rest of the subdomains 
of finance, medication, and outings deteriorate at the median MMSE of 18. The other study 
reported that an MMSE score of less than 10 is a point of transition to severe AD (Feldman et 
al., 2005). Jefferson et al., 2006 found that the only measure of global cognition (measured by 
MMSE) correlated with the IADL scale, interestingly, in addition, they discovered that when 
MMSE was taken from the regression analysis, object perception was a significant predictor 
of IADL. 
For many years AD was considered as a disease that preliminary affects global cognitive 
function, then researches accepted that the initial deficit manifests from episodic memory 
decline, but impairments in other domains of cognitive function were seen as non-specific. 
More recent clinical observations revealed that patients with AD have been found with 
predominately executive deficit with relatively preserved episodic memory (Bäckman et al., 
2004). It was shown in a number of researches that executive function is a major determinant 
of disability in dementia and strongly correlates with IADL even before the exact diagnosis is 
established (Bell-McGinty et al., 2002; Desai, Grossberg, & Sheth, 2004; Boyle & Cahn-
Werner, 2005; Burton et al., 2006; Perneczky et al., 2006; Jefferson et al., 2006; Pereira et al., 
2008; Mariani et al., 2008; Aretouli and Brandt, 2009, Martyr &Clare, 2012). Royall et al. 
(2007) have argued that executive function mediates the memory’s association with functional 
decline and questioned the role of memory as a feature of dementia. He showed that memory 
impairment at the baseline and change rate in memory over three years follow-up did not 
predict functional decline. However, a low executive function score at the baseline and rate 
change of executive function over the years are significantly and independently correlated 
with changes in IADL. Aretouli and Brandt (2009) examined executive functioning 
components and their association with functional decline and observed that only working 
memory was associated with daily functioning. Nevertheless, they noted that more variance 
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was explained by measures of global cognitive functioning that were better predictors of daily 
functioning.  
Farias et al. (2008) proposed that there is a complex relationship between neurocognitive 
impairment and functional deficit. There are varieties of ways in which different cognitive 
functions can affect the same everyday functional abilities. She showed that memory and 
executive function can equally affect Everyday Memory domain of the Everyday Cognition 
Scale (ECog). This was confirmed by the more recent study (Hsu et al., 2017) where they 
pointed at the association between global cognitive function, executive function and the ECog 
scale.  
There are several additional confounder variables that explain functional decline in dementia. 
They are: cognitive impairment, baseline activities, age, sex, race, personality traits, marital 
status, years of education, and years from the disease onset. Apathy, or the lack of motivation 
to engage in activities, is not only associated with, but also found to be detrimental for daily 
functioning and predictive of developing dementia (Fitts et al., 2015; Richard et al., 2012). 
More importantly, because of the advanced age, the concomitant vascular disorders, 
depression and parkinsonism contribute to the picture of cognitive decline, making it very 
difficult to explain what affects functional deterioration. 
Challenges  
The reasons of the variability in the studies are manifold: the groups of patients recruited for 
the studies are chosen with different criteria (some of the studies recruit AD patients without 
distinguishing them into different levels of severity, other take only mild or moderate AD 
stages). There are different IADL scales that are applied in different studies.                                                                                                   
As with patients with MCI, for AD patients there are also no strict criteria for IADL scales. 
Most of the studies report the overall impairment in IADL overlooking the impairment in 
individual tasks or types of errors patients commit. Therefore we have only a limited picture 
of the needs and abilities for mild or moderate dementias.  
Another challenge that needs to be pointed is the overlap between different cognitive groups 
(Munoz-Neira et al., 2012; Nygar, 2003; Rosenberg et al., 2009). These studies pointed at the fact 
that some subcategories in questionnaires rely on rehearsed and routine everyday habits and intense 
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practice (e.g. heating water and preparing meal); some tasks are gender sensitive (e.g. laundry, 
shopping and house work), others display personal interests and previous experience (e.g. computer 
access and using cell phones) and therefore do not display a decrease or change in performance in 
formal testing.  
In Chapter six I discuss all challenges in IADL research; I seek to identify the everyday task that 
would be sensitive to early cognitive impartment and propose a new tool to measure this ability and 
I argue how the new tool would address the limitations of the existent IADL scales.    
Differential diagnosis 
The episodic memory is known to be particularly vulnerable in AD. Unfortunately, episodic 
memory problems are not unique to AD. The most widely used tests for the identification of 
the cognitive deficits associated with AD are based on associative memory (Rentz et al., 
2011), list learning or delayed recall (e.g., Fowler et al. 2002; Lowndes & Savage, 2007; 
Swainson et al., 2001). These tests are failed also by people affected by several other 
disorders, including chronic depression, making the diagnosis of early AD difficult (Pfennig, 
Littmann & Bauer, 2007; Wright & Persaud, 2007). Patients in preclinical stages of Vascular 
Dementia (VD) display strikingly similar cognitive patterns. Patients have difficulties in 
acquisition of new information and storing and accessing this information. 
Recent studies by Stopford et al. (2008; 2012) demonstrated heterogeneity of AD and 
highlight that episodic memory dysfunction are probably not the earliest symptoms of AD, 
but working memory deficit, which is coordinated by the frontal lobe functioning and is also 
a primarily syndrome for FTD. As it was shown, the working memory impairment in these 
two disorders can be distinguished by the different underlying reason of this deterioration. 
FTD patients mostly display lack of concerns on their performance and are characterised by 
inattention, poor response inhibition and sequencing problems. In contrast, AD patients 
demonstrate short-term memory overload, where they have difficulty holding information or 
instructions.  
Although different types of dementias vary in aetiology and biological triggers there is a 
clinical overlap of the cognitive and behavioural features among them. All degenerative 
disorders and depression in older people lead to memory deficits, EF and language 
impairment, and cause alterations in behaviour, as well as progressive functional decline. In 
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additional, “text-book” disorders have a particular pattern of impairment. The problem is that 
most of the time the clinical picture is not typical and AD patients can exhibit more executive 
symptoms when other dementia types exhibit more episodic memory impairment. An 
abundant amount of research studies was dedicated to establish the differential diagnosis of 
various types of dementia. Overlaps in cognitive symptoms of various neurocognitive 
disorders are a challenge for clinicians to distinguish between dementias especially at the 
initial stages of neurodegenerative process.  In the previous section I showed that the TMB 
task is the best to distinguish between healthy ageing and cognitive impairment, in other 
words that TMB is sensitive to cognitive decline. The best marker for AD pathology also 
should be specific to AD and therefore distinguish AD from other types of dementias.  
TMB in non-AD dementias 
There is a very limited amount of studies that would investigate TMB in non-AD dementias. 
Those few show that TMB is specifically impaired in AD compared with other forms of 
dementia (Della Sala et al., 2012; Cecchini et al., 2017). Della Sala et al., 2012 compared 
performance of AD patients with that of patients suffering from other types of dementia, such 
as FTD, VD, LBD and dementia in PD. In their study they use 4 features across all conditions 
and for the control participants they used 8 features to equate the level of difficulty among the 
groups. Only AD patients showed significant deficits in recalling object-colours bindings.  
Such findings have been recently replicated in a new sample of bv-FTD (Cecchini et al., 
2017), as opposed to Della Sala et al (2012), where they were taking semantic and dv-FTD as 
one group. In their study they used lesser memory load of 6 features per screen for both 
bound and unbound conditions. In the ROC analysis they showed that bound condition of the 
task differentiates between bv-FTD and AD and the latter from the healthy controls. Despite 
different methodologies, they confirmed with the pervious studies that the free recall on the 
conjunctive binding can be used to diagnose AD and differentiate in from other dementia 
types.     
 In these studies, TMB was assessed using a free recall paradigm (Parra et al., 2009a; Della 
Sala et al., 2012; Cecchini et al., 2017) in which participants are required to verbally recall 
objects and colours individually or in combinations. In addition, participants performed tasks 
with different set sizes (Parra et al., 2009; Della Sala et al., 2012) allowing the titration of the 
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cognitive demand of the task to keep the performance level at baseline conditions (i.e. single 
features) similar across groups. This procedure, however, may be challenging to use in 
clinical settings.  
Early AD development is clinically characterised not only with cognitive impairment, but 
also compromised everyday functional activities. Functional activities scales aid to 
distinguish between MCI and AD patients and also track the progression of the disease. As it 
is important for the assessment to be accessible and non-invasive, functional scales fulfil 
these requirements. The development of sensitive and specific tools can enable broader 
screening for preclinical and early clinical AD. Combined cognitive and non-cognitive 
measures will serve to discriminate across neurodegenerative disorders as well as between 
cognitively impaired and healthy older people people. In the next section I will be exploring 
what are the most sensitive functional abilities for early cognitive decline. 
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Chapter I – Part IV 
Current study.  
Several working groups around the world recently raised the concerns about the lack of 
harmonisation of the assessment tools across the studies in Europe (Diaz et al., 2005; Maruta 
et al., 2011; Costa et al., 2017) and America (Daffner et al., 2015). They all emphasise that 
there is a need for cognitive, behavioural and functional measures that are sensitive and 
specific for detecting the cognitive impairment earlier on the course of the disease. In my 
thesis I explore what these measures are. I argue that the TMB task and everyday financial 
abilities are sensitive to early cognitive decline and if used combined can detect the first signs 
of deterioration.  
As Logie et al (2015) proposed, one of the features of the ideal instrument is it should be 
affordable. At the moment, TMB task only exists as a computer version of the task, which 
makes it hard to use in the clinical settings. In the Chapter two series of experiments I validate 
a Flash-Card version of the test and I explore its properties. I argue that it would hold the 
same psychometric properties as a computer version. In order to investigate and expand on the 
body of work related to the TMB task, I use a different test paradigm (i.e. recognition task) 
that has never been explored before in the TMB test and I argue that it will hold the same 
specificity of the original test. My Flash-Cards were also compared to the other mobile 
version the test - a Tablet PC version – another affordable and mobile version of the computer 
TMB task. These two modes of the tests were created for application in clinical settings and 
had two different features from the computer PC version. In these versions we used two 
conditions: Shape Only and Shape-Colour Binding Conditions (we did not use Colour Only 
condition); only two items in each Condition trials that were shown to be sensitive to detect 
cognitive deterioration in AD patients.  
As I argued earlier, the TMB test is not affected by ageing, older adults do not show a 
disproportional binding cost relative to younger adults. I explore if there is a 
neurophysiological taxing (i.e. recruitment of additional brain areas) to help performing the 
task successfully by older people. In Chapter’s III experiment I use a mobile EEG system that 
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is an incredibly desirable tool in clinical and research communities. With the aid of the mobile 
EEG devices patients and participants can be assessed from home and are very compact and 
easier to use, compared to stationary EEG recording systems. In addition, the system that I 
used comprised of fewer electrodes. I show that this system can record clinically meaningful 
electrophysiological data and this can provide an ideal solution for Mobile Brain imaging 
Tools (Lau et al., 2012)   
In order to show sensitivity and specificity of the newly developed Flash-Cards with the TMB 
task I recruited patients with AD and Parkinson’s disease. In the experiment in Chapter four I 
show that TMB is a specific test for AD pathology.  
The development of dementia is accompanied with not only cognitive impairment, but also 
with everyday functional problems. Therefore, the other main aim of my thesis was to look at 
which functional abilities decline first in the trajectory from healthy ageing to dementia. I 
argue that everyday financial abilities are one of the earliest functional impairments. In the 
series of experiments I develop and validate the Acreemagnosia Measurement that assess 
everyday financial abilities in frail older people and patients with cognitive impairment.  
In my thesis I introduce a new term to describe everyday financial abilities: “Acreemagnosia” 
– that is a combination of Ancient Greek words: ἀ- (a-, “not, without”), χρήµα (chreema, 
“money”) and γνωσιακή (gnôsis, “knowledge”). In Chapter seven I review the tools that have 
been developed to assess financial abilities and argue that there is a need for a new instrument. 
Taking all strengths and limitations of existing financial assessments I propose that there is a 
need for a new instrument which should maximise the recognition of early decline in financial 
knowledge. 
In the construction of the measure, that is described in Chapter eight, I use Item Response 
Theory (IRT) that is more advanced over conservative models in (1) the ability to form item 
hierarchies; (2) to streamline testing by eliminating items that are much too easy or difficult; 
(3) examining the characteristics of individual items, and determining if polytomous scoring 
categories work as intended; (4) to assess the discrimination power of individual items; (5) the 
ability to test the invariance of items across external groups (i.e., differential item functioning).  
In the modest sample of patients I explore the measurement’s property and also the most 
sensitive financial items that would be predictive for early cognitive decline. And finally what 
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are the cognitive correlates that are responsible for financial abilities. Identifying the cognitive 
substrates of declining financial abilities would enhance our understanding of the neurological 
substrates of financial abilities and enrich on the body of work related to Alzheimer’s disease.  
I argue that the combination of these assessment tools will improve the early diagnosis of AD. 
The current diagnostic characteristics of MCI as a prodromal stage of AD include memory 
impairment (i.e. impaired free and delayed recall) and minimal impairment on everyday 
function. Several Working Groups proposed TMB as one of the tests that can be included in 
the early diagnosis of AD. I show that everyday financial management abilities as a higher 
order function can be the first functional marker that declines in patients with MCI. There is a 
need of such markers which can be incorporated in global trials for AD. 
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Table 1 Studies assessing IADL in MCI and cognitive underpinning of IADL in MCI  
MCI 
 
Source IADL Groups Diagnostic criteria Daily activity impaired Cognitive underpinning 






and Lawton IADL 
Scale. 
MCI and NC 
modified 
MMSE>=40 
(equivalent to an 
MMSE score of>= 
22)),  
 
CDR of 0 or 0.5 
First reported diminished awareness of the 
functional deficit in MCI patients. First noted 
that MCI may be associated with greater need for 
help and restrictions in some daily activities 
Was not assessed  






and Lawton IADL 
Scale. 
MCI and NC 
modified 
MMSE>=40 
(equivalent to an 
MMSE score of>= 
22)), 
 
 CDR of 0 or 0.5 
Did not assess on the task level, overall score is 
NC>MCI. A discrepancy index (Informant report 
- self report) predicts conversion to dementia  
Was not assessed  
 






MCI, AD, and 
NC Did not describe it  
Everyday functions that are particularly sensitive 
to cognitive decline include handling finances, 
taking care of medication, shopping for 
groceries, managing the telephone, and using 
public transportation 
Was not investigated  
Tuokko et al., 2005 
Self rated scale: the 
Older Americans 
Resources and 
Services Scale (OARS) 
(it is a combined 
Lawton and Brody’s 
IADL scale and Katz’s 
ADL scale.) 
NCI, CIND, 
Dementia DSM-III criteria  
MCI groups to be more impaired on physically 
demanding IADL. 
Poor memory and psychomotor speed were the 
major contributors to impaired IADL tasks. 
Participants that performed poorly on memory 
at the baseline in 5 years show significantly 
more future impairment in handling finances 




MCI and NC Petersen 1SD below; CDR 0.5 
NC>MCI>AD on finding items at home, 
Checking bank account, Writing letters or notes, 
Keeping appointments, using the telephone, 
preparing meals, travel, talking about recent 
events, Remembering newspapers, magazines, 
books, Remembering television shows, shopping, 
Staying in the home unassisted 
 
They found a strong correlation between 
patients’ level of cognitive performance and 
their ability to carry out everyday tasks. They 
inference that memory and complex reasoning 
affect IADL 
Peres et al., 2006 self-reported IADL: 4 items Lawton IADL 
MCI, AD, and 
NC 
Petersen 1,5 SD 
below  
All four items: telephone, transport, medication, 
finances showed decline in people with MCI 
 
Was not assessed  
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Rozzini et al., 2007 
 Lawton and Brody’s 
IADL scale and Katz’s 
ADL scale 
aMCI MMSE>=24, CDR 0.5 
Patients with aMCI converting to AD during 1 
year follow-up was strongly related to the level 
of worsening in functional ability evaluated with 
the IADL 
Poor global cognitive performance at baseline 
and worsening executive functioning, but not 
worsening memory performance, were 
associated with conversion to Alzheimer’s 
disease (AD) over a 1-year follow-up period. 





Lawton IADL scale 
MCI and NC Petersen and clinical criteria 
No difference on Lawton scale Verbal learning was significantly associated 
with IADL 
Tam et al., 2008 
Performance based 







below; CDR 0.5 
Motor slowness or decreased motivation in IADL 
may not be benign changes commonly found in 
older adulthood, but are worthy of clinical 
evaluation.                                       
Most frequently impaired in the 
multiple-domains MCI group were those 
connected to planning and organizing IADL 
tasks; initiation of tasks was unaffected. 
Wadley et al., 2008 
Performance based 
instrument: The Timed 
Instrumental Activities 
of Daily Living 
(TIADL) test 
MCI and NC Petersen and clinical criteria 
The performance of persons with MCI was 
comparable with that of peers without MCI on all 
five tasks: telephone use, locating nutrition 
information on food labels, financial abilities, 
and medication management. Grocery shopping 
was impaired in MCI. MCI completed the IADL 
longer but as accurate as NC.  
 
They interfered that errors in grocery shopping 
are likely associated with decrements in visual 
search skills, selective attention, and rapid 
information processing. Individuals in the MCI 
group who had worse speed or worse accuracy 
than the comparison group also had worse 
global mental status 
 
Page 46 of 296 
 





MCI, AD, and 
NC 




MCI are worse than NC in preparing 
toast and coffee, wrapping a gift and preparing a 
lunch box. 
 
They speculate that the high proportion of 
commission errors in MCI may be secondary to 
mild executive deficits. Among mild AD 
participants, the high proportion of omission 
errors may be caused by episodic and semantic 
memory deficits 
 
Mariani et al., 2008 
Lawton IADL (MCI: 
informant report, NC: 
self-report)  
aMCI and NC 
Petersen 1,5 SD 
below, MMSE>= 
23.8  
aMCI showed IADL changes concerning 
shopping, handling economy, and self-
administration of drugs 
Executive function is only predictive of IADL 
Tan et al., 2009  
Informant-reported 
IADL: modified Scales 
of Independent 
Behavior – Revised 
(mSIB-R), Participants 
completed Everyday 
Problem Test (EPT) 
MCI and NC 
Petersen 1 SD 
below, 
MMSE>=24 
MCI performed worse than NC 
Social engagement was associated with 
memory and executive processes; executive 
function is only somewhat predictive of IADL.  
Episodic memory, executive functions, and 
speed of processing demonstrated the largest 
correlations with both IADL.  
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Kim et al., 2009 Seoul-IADL in a self-rating version 
4 types of MCI, 
AD, and NC 
Winblad 1 SD 
below 
MCI to be significantly impaired 
in using a telephone, keeping appointments, 
talking about recent events and using household 
appliances. Worse performance of the MCI group 
for transportation and finances. After controlling 
for age, gender, education, and depression, 
multi-domain amnestic MCI was the only 
subtype to perform significantly more poorly 
than normal participants in terms of functional 
abilities. 
Was not investigated  
Schmitter-Edgecombe et al 




Both groups are significantly impaired in 
telephone use, organisation, and social function, 
followed by household and general activities, 
medication use, conversation and food 
preparation.  
aMCI more impaired in content memory (that 
was linked to the temporal lobes), as well as 
temporal order memory, source memory, and 
prospective memory. nonaMCI deficit in 
noncontent memory.  
Temporal order memory was significant and 
unique predictor of food preparation, while 
source memory needed for social functioning 
(keeping track of who said what).  
Temporal order memory and prospective 
memory are needed for successful medication 
use and household activities.  Different 
cognitive processes, within and between 
neuropsychological domains, are differentially 
involved in particular IADL tasks.   
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Aretouli and Brandt (2009)  
Informant report: 




4 types of MCI 
and NC 
Petersen 1.5 SD 
below; CDR 0.5 
Amnestic and non-amnestic MCI patients had 
similar levels of functional impairment. Major 
difficulties were reported for keeping 
appointments, using the telephone, remembering 
current events and finding things at home, and 
minor difficulties were reported for driving and 
using transportation, 
managing finances, organizing and completing 
activities, and taking medication. 
Executive battery (18 tests): among three 
executive function components (planning/ 
problem solving, working memory, and 
judgment), only working memory was 
associated with ratings of daily functioning.  
Measures of global functioning and 
constructional praxis, the MMSE and the clock 
drawing test, were better predictors of ADL-PI. 
Anh et al., 2009 Seoul-IADL in a self-rating version MCI and NC 
Petersen 1.5 SD 
below; CDR 0.5 
MCI compared with healthy controls in the 
domains of telephone use, meal preparation, 
medication intake, management of belongings, 
keeping appointments, 
talking about recent events and performing 
leisure activities and/or hobbies 
 
IADL requiring memory or frontal cortex 
executive functioning are at particular risk of 
decline in MCI 
Teng et al., 2010 Informant report: FAQ aMCI, md-aMCI, and NC 
Petersen 1,5 SD 
below, 
MMSE>=24 
aMCI had better scores than the nonaMCI 
group on managing bills, preparing taxes, 
keeping up with current events, attending to 
media, remembering dates and traveling outside 
the neighbourhood. 
 
Both memory and executive/processing speed 
as significant predictors of functional ability, 
however the correlation is modest.  
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Activities of Daily 
Living Inventory 
MCI, AD, and 
NC 





No difference between MCI and healthy controls 
on informant report and significant difference 
between groups on the performance-based IADL 
 
Cognitive scores in speed of processing, 
episodic memory, and semantic processing and 
fluency accounted for a significant share of the 
variance on the UPSA.  
Bangen et al., 2010 
Performance based 
instrument: the 
Managing Money and 
Health and Safety 
subscales of the ILS  
NC, aMCI, 
nonaMCI 
Petersen 1 SD 
below age 
appropriate norms 
Nature of the reduced functional abilities varies 
depending on MCI subtype. aMCI performed 
more poorly relative to the NC participants on 
the ILS Managing Money subscale. nonaMCI 
group showed a trend toward poorer performance 
on the ILS Health and Safety subscale. 
 
Decreased functional abilities are associated 
with decrements in global cognitive 
functioning, but not specifically memory or 
executive functioning abilities in MCI. 
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Pereira et al., 2010 
The Informant 
Questionnaire of 
Cognitive Disorders of 
the Elderly (IQCODE), 
the Blessed Dementia 
Scale (BDS), and 
Direct Assessment 








Financial and shopping skills were the items that 
differentiated patients with MCI from healthy 
controls 
Executive dysfunction exerts a negative impact 
on the ability to perform activities of daily 
living, stronger than general cognitive deficits.  
Multiple-domain MCI may be associated with 
a higher degree of executive dysfunctions with 
stronger impact on functional status  
Pedrosa et al., 2010 
Informant report: The 
Alzheimer's Disease 
Cooperative Study / 
Activities of 
Daily Living scale for 
MCI patients 
(ADCS/MCI/ADL) 
isLawton IADL scale 




Patients with MCI had deficits compared with 
controls regarding shopping, taking medications 
and handling finances.  
 
Regarding the distinction between aMCI and AD 
patients on the scale, two groups performed 
similarly.  
Among the ADCS/MCI/ADL questions, those 
that are highly dependent on memory, planning 
and sustained attention appeared to be the 
earliest and most severely affected in aMCI in 
our study. 
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Luck et al., 2011  







Winblad 1 SD 
below 
Investigated performance on nine IADL items 
and detected worse performance of patients with 
MCI compared with healthy controls. Analyses 
of MCI subtypes revealed that this effect was 
stronger for amnestic MCI subtypes. Early IADL 
decrements in particular in individuals with 
amnestic MCI 
 
Was not investigated  
Reppermund et. al 2011 
 Informant-completed 
Bayer-Activities of 
Daily Living Scale (B-
ADL). 
MCI and NC 
Petersen 1,5 SD 
below, 
MMSE>=24 
The difference between MCI and NC groups was 
statistically significant for the high cognitive 
demand factor, but not for the low cognitive 
demand factor. 
Association between neuropsychological 
measures and functional outcomes is only 
modest. Small, but statistically significant 
correlations were found between the B-ADL 
score and each of the five cognitive domains. 
 
Yeh et al., 2011 
Performance based: 
Disability Assessment 
in Dementia (DAD) 
Single and multi 
domain aMCI, 
NC, and AD 




Both sd-aMCI and md- aMCI had intermediate 
IADL scores between normal and mild AD. 
However, single domain MCI was impaired in 
less number of items than multi domain MCI 
The sd-aMCI group showed impairment in the 
initiation as well as planning and organization 
processes, and all 3 executive processes were 
involved in the md-aMCI group. In addition, 
measures of memory and language were mildly 
associated with IADL 
de Rotrou et al., 2012 
Performance based: 
Disability Assessment 










Single domain MCI were impaired in less 
number of items than multi domain MCI. The 
scale differentiate between two MCI types.  
Among cognitively impaired subjects, the 
DAD-6 moderately correlated with the delayed 
recall. In patients group executive subscores of 
DAD (initiation, planning, and effective 
performance) was affected.  
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out task (DOT); 
additional informant 
report: KI-ADL 
MCI, AD, and 
NC 
Petersen 1,5 SD 
below  
MCI are worse than NC; it took them more time 
to complete IADL; they made more errors.  
MCI participants have knowledge of what to do 
for the DOT, but were not always capable of 
using that knowledge to completely and 
accurately reach the task goals and sub goals. 
  
Retrospective memory was predictive of the 
number of subtasks left incomplete and 
inaccurate by the MCI participants. 
Reppermund et al., 2013 Informant-rate based IADL: Bayer-ADL 
aMCI, nonaMCI 
and NC 
Petersen 1,5 SD 
below. 
Difficulties in more complex IADL with high 
cognitive demands like finding the way in an 
unfamiliar place or doing two things at the same 
time.  
Highly cognitively demanding IADL were 
negatively correlated with performance in five 
cognitive domains, i.e. memory, 
attention/processing speed, executive function, 
language and visuospatial ability.  
 
De Vriendt et al., 2013 
Informant rate based 
for patients and self -
report for controls: 
Katz scale, Lawton 
IADL and advanced 
ADL 
aMCI, AD, and 
NC 
Winblad 1 SD 
below 
MCI do not have performance problems in b-
ADL and i-ADL due to cognitive problems, all 
participants reported subtle problems in 
performance when it concerned the more 
complex ADL such as leisure, self development, 
or (semi) professional work 
Was not investigated  
Marshall et al., 2014 Participant and informant rated Ecog MCI and NC 
MMSE>=24, CDR 
0.5 
Found that worse performance on “remembering 
a few shopping items”, “remembering 
appointments”, “developing a schedule in 
advance of anticipated events” , “balancing 
checkbook” , and “keeping mail and papers 
organized” best discriminated MCI from CN. 
They inferenced that activities depend 
primarily on memory and executive function 
that best distinguished between NC and MCI. 
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Chapter II  
Temporary Memory Binding test.    
Introduction 
As I have outlined, the TMB task existed as a computerized version that restricts its use in 
clinical practice to when there is a need for a bedside or at home assessment for frail people 
or in geographically challenging areas. In this series of experiments I introduce new mobile 
version of the task: the Flash cards and the Tablet PC. I investigate whether these two modes 
of the test presentation are comparable. The Flash cards and the Tablet PC were designed on 
the basis of the Parra et al., 2010 paradigm.  
The task assesses visual TMB for arrays of stimuli such as shapes (random polygons), colours, or 
combinations of shapes and colours. Eight shapes and eight colours were selected so that it is easy 












Page 54 of 296 
 
Figure 2.1 Eight random colours (A) and eight random polygons (shapes) (B) that were used to construct 
the stimuli. Short-Term Memory Binding Task that Parra et al. (2010) used in his computerized experiment 
(C).
 
The task is based on a change detection paradigm. The initial fixation cross is followed by the 
study display presented for 2 sec. After a very brief unfilled retention interval (about 1 sec) the test 
display is shown. The participant has to recognise if the items presented in the test display are the 
same or different from those presented at study, independently of their location. In 50% of the 
trials the items were the same in both displays (i.e., “same trials”) In the other 50%, two items in 
the test display were different (i.e., “different trials”). Two conditions assess TMB for single 
features (Shape Only and Colour only) and one assesses the binding of these features (Shape-
Colour Binding Condition). A typical TB task is illustrated in Figure 2.1. 
Previous versions of the TMB test included two conditions to assess memory for single features 
(i.e., Shape Only and Colour only) and a condition to assess memory for combined features (i.e., 
Shape-Colour Binding) (Allen et al., 2006; Parra et al., 2014; Wheeler and Treisman, 2002). To be 
clinically practical (i.e., shorter) this paradigm has been recently modified to include solely the 
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condition Shape Only as baseline; this version retains the same psychometric properties of the 
longer version (Koppara et al., 2015).  
In the previous studies (Parra et al., 2009a; 2010a) the number of items has been titrated presented 
to the individual ability of each participant to minimise unwanted effects simply due to differential 
response to cognitive demands rather to a fundamental deficits on TMB. In clinical settings this 
would be challenging. Therefore, in the following experiments trials will be presented with only 
two items each, which proved to elicit a near ceiling effect in healthy volunteers, yet showing the 
typical drop in AD patients (Parra et al., 2010a; 2010b). 
As the Flash cards and the Tablet PC versions of the test are designed to test on the presence of 
AD, these TMB versions of the computer test should be resistant to the effect of age and 
unimpaired when testing other neurodegenerative disorders. The first experiment of this series was 
set up in order to confirm that there is indeed no age effect of the Computer PC version of the test. 
This Computer PC version will serve as a mean to compare the Flash cards and the Tablet PC to. 
Experiment 1 
Is there an age effect on the Temporary Memory Binding 
Test (TMB). Computerized TMB test. 
2.1.1 Aims 
In their study, Parra et al. (2009) showed the lack of age-effect on visual short-term memory 
binding. In this experiment he compared the performance of younger and older group on the single 
feature condition and feature conjunction, and showed that overall performance on the change 
detection task by the older group was comparative to the younger group. In the study he used 
binding within the colour dimension, he noticed that compared to the Shape-Colour Binding from 
the experiment by Brockmore et al (2008), binding of bicolored objects is more difficult. Given 
that patients with sporadic and familiar AD have a pronounced deficit in maintaining Shape-
Colour Binding (Della Sala et al., 2012; Parra et al., 2010) and following the paradigm used by 
Parra et al (2010), I aim to replicate this computer experiment to show that the ability to remember 
a single feature (Shapes) and form a bound representation of different dimension (shapes and 
colours) in older people is not different than in younger adults.   
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2.1.2 Participants 
Twenty younger adults (age: M = 27.3, SD = 3.7; 10 males) and 20 older participants (age: 
M=69.8, SD=7.5; 7 males) were recruited for the experiment. Younger participants were 
postgraduate psychology students who volunteered for the study. Older participants were members 
of the Edinburgh Psychology Department panel of volunteers from the healthy general population. 
Younger and older participants were different in terms of their formal education (younger adults: 
M= 20.1, SD = 2.8; older adults: M=16.6, SD = 2.7; t = 4.07; p < 0.001). Ethical approval was 
granted by the University of Edinburgh Psychology, Philosophy and Language Science Committee. 
All participants gave their consent on participation in the study. None of the younger or older 
participants were excluded due to poor colour vision: on the perceptual task all participants 
performed above the 80% level.     
2.1.3 Materials 
The computer task consists of three conditions. The conditions procedures are displayed on Figure 
2.2. 
Figure 2.2 Three parts of the Computer PC version of the test 
 
 




 The TMB test starts with the Perception Condition  (Fig.2.2). The condition is performed to rule 
out the possibility of poor visual colour perception that can hinder the binding part of the test. It 
contains 10 trials where participants are presented with two arrays of four coloured shapes on a light 
gray background. The two arrays are divided by a line: two shapes are below and two above the line. 
Each object was devised by randomly combining shapes and colours. Half of the trials consist of the 
same coloured shapes and half of the trials are with the shapes that swap colours. Each object was 
devised by randomly combining one of eight possible shapes and one of eight possible colours. 
Shapes and colours were constructed in a way that it is easy to discriminate them visually, but 
difficult to name them verbally (Parra M.A., 2009). Half of the trials consist of the same coloured 
shapes and half of the trials are with the shapes that swap colours.  
The Shapes Only Condition (Fig. 2.2) consists of 32 trials. Each trial consists of a Study Display 
with two black shapes presented on a light gray background. On the next Test Display, two black 
shapes are replaced by two new black shapes. On half of the trials the test array would exactly 
match the study array and in 50% of the trials the shape of a single object is changed.  
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In his experiment, Parra et al (2010) used a Colour Only Condition, however he found that healthy 
older perform this condition with ceiling effect; therefore in my experiment this condition is omitted.  
The Shape-Colour Binding Condition (Fig.2.2) consists of 32 trials. Participants are presented 
with an array of two shapes filled with colours on the study display that is replaced by two shapes 
on the test display that in 50% of the trials would remain the same colours as on the study display 
and in 50 % would swap their colours.  
2.1.4 Procedures 
On the Computer PC the stimuli are presented on a 22” Computer PC screen using a 3x3 virtual 
grid that subtended 6 cm vertically and horizontally. Each shape is subtended by 1.8 cm vertically 
and horizontally. Trials on the Computer PC task are fully randomized across participants. Three 
consecutive conditions were presented to each participant. The experimental procedures are 
illustrated on the Figure 3.2. Ten trials are for the Perceptual condition and 32 trials for each 
Shapes Only and the Shape-Condition Binding Conditions. The order of the conditions was always 
the same: Perceptual condition is followed by the Shapes Only Condition and then the Shape-
Colour Binding Condition. All conditions were presented in blocks, before each block the 
instruction with a verbal explanation and an illustration of the test were presented. Each following 
condition begins with a fixation cross centered on a light gray background shown for 1000 msec. 
that is followed by the study display for 2000 msec. After the 1000-msec retention interval, the test 
display is followed after which the participants responded. 
 In the Perceptual Condition participants are asked to detect as accurately and quickly as they can 
whether the colour-shape combination below and above the line stays the same or shapes swapped 
their colours. The shapes randomly changed their position within their own half of the screen, but 
participants were asked not to concentrate on the location of the shapes, but only on the 
combination of shapes and colours. This ensures that the binding occurs between shapes and 
colours and not with a location. If the participant performs 8 out of 10 trials correct (80% correct 
judgments), the next condition will follow. If performance is lower than the threshold, the 
participant is excluded from the study and may be requested to further test colour perception or 
visual acuity. Previous studies have shown that scores below 8 are indicative of a colour vision 
problem as assessed by the Ishihara Colour Vision Test or of perceptual binding deficits (Parra et 
al., 2009a; Parra et al., 2010a; 2010b). 
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In the Shapes Only Condition participants were instructed that half of the time the shapes on the 
test would be the same as on the study display and for the other half of the time a brand new pair 
of shapes would be introduced. The task is to detect whether the test display contained the same or 
different shapes than the study display. Objects on the test display were presented in different 
positions from those in the study display. Like in the Perceptual Condition participants were asked 
not to concentrate on the location of the shapes. 
In the Shape-Colour Binding Condition participants are requested to remember the colour-shape 
combination on the study display and then ought to detect whether on the test display the colour-
shape combinations stayed the same or changed. Only a colour change could occur, shapes stay 
the same on the study and the test displays. 
The response for the condition is given by pressing one of the keys on the computer mouse that 
would correspond with the answer “same” or “different”. Viewing distance was not constrained.  
2.1.5 Analysis  
The data was analyzed using R-Studio (version 3.2.2) package “stats” (R Core Team, 2017). 
Performance was analysed with 2 (old young participants) X 2 (Shape Only Condition vs. 
Shape-Colour Binding Condition) factorial mixed ANOVA. The effect size was calculated 
using Cohen’s d.  
2.1.6 Results 
Mean performance is shown on a Table 2.1. It shows that performance on Shapes only 
Condition by young and older was at ceiling. Mixed ANOVA confirmed that performance by 
older and younger adults did not differ: F (1, 75) = 0.016; p = 0.90; d= 0.31. Main effect of 
condition was significant: F (1, 73) = 5.22; p = 0.02; d =0.43, however the interaction effect 
was not significant (F (1, 73) = 0.73; p = 0.39), confirming that there is no age effect on 
Shape-Condition Binding.  
Table 2.1 Mean performance on TMB test by younger and older adults. 
Younger (N = 20) Older (N = 20) 
Shapes Binding Shapes Binding 
0.96 (0.05) 0.94 (0.05) 0.97 (0.03) 0.93 (0.09) 
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The effect of education on tasks performance.  
As there was a significant difference in educational level between the two groups, this variable 
was entered as a covariate into the analysis. As it was already shown by Parra et al. (2011), the 
current results confirmed that education did not influence performance on the test: F (1,73) = 1.02, 
p = 0.31. 
All participants were debriefed and asked about how they remembered stimuli. Some participants 
could not answer and said they “just tried to remember shapes and a combination shape-colour”. 
Some participants gave names to shapes. Other participants on the Shape-Condition Binding 
Condition remembered only one shape and its colour combination and if on the task trial it was 
shown with a different colour their response would be “different”.  
2.1.7 Discussion of Experiment 1 
The experiment investigated the effect of age on the TMB test. The aim was to replicate the 
experiment by Parra M.A. (2009) to show that there is no age effect on the performance on the 
TMB test. The results of the experiment confirm the previous finding that there is no difference in 
performance on the Single feature (Shapes) and Shape-colour Biding Condition between young 
and healthy older adults. Even though the Shape-Colour Binding Condition was more difficult to 
perform compared to the single feature condition by young and older adults, performance was still 
at ceiling. Resilience to the age effect of the task can provide a baseline for the performance and 
cut-off to determine cognitive impairment.  
Participants for the experiment had a very high educational level and this could affect the 
performance on the test (better working capacity on highly educated people (Conway, Kane & 
Engle 2003), with the positive relationship between education and free recall (Grober et al., 1998)), 
however Parra et al, 2010 showed that binding is intact in the population with lower education 
confirming that performance on the TMB test does not depend on education level.    
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Experiment 2 
Temporary Memory Binding Test presented via different 
means: PC, Flash-cards, or Tablet PC.   
Currently the TMB test is available only as a Computer-based test. Alternative forms of this test 
would facilitate its widespread use. This series of studies was aimed at developing and comparing 
alternative forms of the TMB test: Flash-cards and a Tablet PC versions of the Computer PC test 
that would represent more portable alternatives for its use in clinical setting.  
Flash cards vs. Computer PC TMB test 
The aims of this experiment were to investigate whether the Flash-card version of the TB task 
results in overlapping outcomes compared to the Computerized version. However, the current 
experiment was aimed for the first time at introducing the Flash-cards version of the TMB. I 
therefore opted to relying on Shape-only and Shape-colour Binding for the initial comparison 
of the two versions of the task but to use all three conditions for validation purposes in the 
clinical study. 
2.2.1.  Participants  
A total of 32 healthy volunteers entered the experiment. Sixteen were postgraduate psychology 
students (Mean age = 27, SD = 2.8; 11 males), 16 participants were older adults (Mean age= 70, 
SD = 7.7; 8 males) recruited from the University of Edinburgh volunteer panel. The two subgroups 
differed in terms of years of education (younger adults: M= 19.6, SD = 2.5; older adults: M= 14.3, 
SD = 3.2; t (22)=5.00, p<0.05). None of the younger or older participants was excluded due to 
poor colour vision. All participants gave their consent on participation in the study. 
2.2.2  Materials   
Materials are identical as in the Experiment 1 (See Section 2.1.3).  
2.2.3  Procedures 
The Computer PC version of the task is described in the Sections 2.1.3 and 2.1.4. 
 
Page 62 of 296 
 
The Flash-cards consist of 118 cards in total that are bound together so each participant receives 
the same randomized order of the trials as opposed to the Computer PC in which trials are 
randomized across participants. The conditions and order of the conditions (Perception condition, 
Shapes only condition, and Shape-Colour Binding Condition) are the same as on the Computer PC 
(Figure 2.3). The Flash-card version of the TB task consists of 32 trials per condition that is 
similar to the Computer PC version. Each trial consists of two stimuli to be recognized as either 
the same or different. The first 10 cards are the stimuli for the perceptual condition and the 
procedure is similar to the computerized version that is described in section 2.1.3. As on the 
Computer PC if the participant performs at the 80% level or above the next condition is followed. 
The second part is the Shapes Only condition which consists of 64 cards: 32 cards for the study 
trials and 32 for the test trials. The third part with 64 cards consists of the Shape-Colour Binding 
Condition; half of the cards were for the study trials and the other half were for the test trials. The 
difference between the Computer PC and the Flash-cards task is that in the flash-cards version 
visual displays are presented with cards. The cards with trials are flipped over by a researcher with 
the pause between the study trial and the test trial around 2000 ms in order to give the participant 
some time to encode the stimuli. The participant gives responses verbally out loud and the 
experimenter records participant’s responses using a scoring sheet.  
Figure 2.3. Three parts of the Flash-cards experiment.  
 
An android NEXUS 10 Tablet PC is used for the tablet format of the TMB test.  The Tablet PC 
has a 10.1 inches touch-screen display with a resolution of 2560-by-1600 and a pixel density of 
330ppi. The conditions and order of the conditions is always the same and identical to the 
Computer PC experiment. The assessment starts from the perceptual condition, then the Shape 
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condition followed by the Shape-Colour Binding Condition. Each participant receives the same 
randomized sequence of trials, this is the difference between Tablet PC and Computer PC version 
of the experiment. The perceptual condition starts with the instruction display. If the participant 
performs at the 80% level or above the next condition is followed. There is one common 
instruction for shapes and binding conditions on the screen before the shape task. On the Shapes 
only and Shape-Colour Binding Condition the study display is presented for 2000 ms and then 
followed by the blank display of 1000 msec that is replaced by the test display. On the Tablet PC 
the responses are given by touching the screen with the option the “same” or “different” on the 
screen (Figure 2.4).  
Figure 2.4. Three parts of the Tablet PC experiment. 
  
On the following experiments I compare the different modes of the TMB test in pairs: the Flash-
cards vs. Computer PC, Computer PC vs. Tablet PC, and Tablet PC vs. Flash-cards. The reason I 
do not present all three modes to the participant at the same time is that I accounted for the length 
of the experiment and the fact that participants may start to feel fatigue. I also considered the 
“practice” or learning effect that would occur if the participant performs all three modes of the test 
at the same time. In the experiments all modes of representation of the test were randomized 
across participants.  
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The following three experiments were set up to compare the different formats of the TMB test. I 
predicted that the mode of the test presentation would not affect the performance of the TMB test 
and it would retain its cognitive properties as with the Computer PC version of the test.  
Participants for the experiment were allocated to each task in a counterbalanced manner: half of 
the participants received the Computer PC task first and then, after 30 minutes interval that was 
filled with cognitive tests, they performed the Flash-cards version of the task. The remaining 
participants received the tests in reverse order. The materials and procedure of the tasks are 
described in the section 2.1.3, 2.1.4, and 2.2.2. 
English version of Addenbrooke’s Cognitive Examination Revised Version (ACE-R) (Mioshi et 
al., 2006) was used to as a screen tool for cognitive impairment.  
2.2.4  Analysis 
The data was analyzed using R-Studio (version 3.2.2) package “lme4” (Bates, Maechler, Bolker, 
2012) to perform linear mixed effect analysis of the impact of different modes of presentation 
(Flash-cards and Computer PC) on the performance of the TMB test by young and older adults. 
The model was used to estimate the degree to which age, education, and general cognitive 
functioning associated with performance. As fixed effects, I entered groups (Young vs. Old), 
Conditions (Shapes vs. Shape-Colour Binding), and Tasks (Flash-card vs. Computer PC) with 
interaction terms between these variables. As a random effect the model had intercepts for 
participants. I run the same set of models, but controlling for the effects of education and general 
cognitive functioning. 
2.2.5  Results 
Healthy older participants showed high average performance on the ACE-R (M  = 96.94, SD = 
3.93).  
Table 2.2 shows proportions of the correct responses across tasks and conditions given by both 
groups. It shows that for young and older adults performance on the Shape Condition was at 
ceiling whether it was on the Computer PC or on the Flash-Cards presentation. Mean performance 
of older participants on Shape-Colour Binding on the Computer PC and Flash –cards was lower 
than that by younger adults.  
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Table 2.2 The mean performances (correct responses) by younger and older adults on the 
Computer PC and Flash-cards tasks 
 
Younger (N = 16) Older (N = 16) 

















0.96 0.98 0.95 0.97 0.96 0.98 0.89 0.86 
(0.03) (0.02) (0.03) (0.03) (0.03) (0.02) (0.1) (0.09) 
The estimates of fixed effects revealed that mean performance on the Flash-cards and on the 
Computer PC did not differ. However, older adults performed significantly differently from 
younger adults on the Shape-Colour Binding Condition: main effects of Group and Condition were 
significant. Shape-Colour Binding Condition was more difficult to perform for older adults on 
Flash-cards and Computer PC.  
Table 2.3 Estimates of the fixed effects and interaction effects. 
                                 
 
Β Std.Error DF  t-value  p-value 
Flash-Cards 
 
0.013 0.020 30 0.66 0.52 
Shapes Only 
 
0.008 0.020 60 0.37 0.7 
Old participants 
 
-0.060 0.020 30 -2.88 0.007 
Flash x Shapes 
 
0.001 0.028 60 0.33 0.74 
Flash x Old 
 
-0.043 0.028 30 -1.52 0.13 
Shapes x Old 
 
0.055 0.028 60 1.97 0.053 
Flash x Shapes x Old 
 
0.047 0.039 60 1.17 0.24 
 As there was a difference in years of education between younger and older adults, education was 
included as a predictor of the performance on the TMB test. Education did not have an effect 
either on the Task (χ2 (11)=1.2, p = 0.54) or on the Conditions (χ2 (12)=0.96, p = 0.32).  
Regression model was checked on the influential cases (a value with high leverage on the 
regression line and Cook’s D). There were two participants from the older group, who performed 
significantly poorer that the rest of the group (cases 22 and 25 with the performance on the Shape-
Colour binding Condition 0.63 (on the Flash-cards) and 0.56 (on the Computer PC) respectively). I 
checked whether exclusion of those cases would change the model prediction. I excluded those 
cases from the analysis. The mean performance can be seen in the Fig. 2.5. 
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Fig 2.5 Mean performance by the groups with influential cases excluded from the analysis.  
 
These two cases were excluded from the analysis. The fixed estimates of the model (Table 2.4) 
show that the mean performance on Shapes Only did not differ from the mean performance on the 
Shape-Binding Condition. Older participants’ performance did not differ from younger 
participants. The interaction effect was also non-significant: older adults’ mean performance on 
the shapes did not differ from the mean performance on the binding condition. 
Table 2.4 Estimates of the fixed effects and interaction effects 
 
                                 β Std.  
Error 
DF  t-value  p-value 
Flash-Cards 0.006 0.035 17 0.17 0.86 
Shapes Only 0.018 0.035 34 0.51 0.61 
Old participants -0.041 0.028 17 -1.42 0.17 
Flash x Shapes -0.006 0.049 34 -0.12 0.9 
Flash x Old -0.054 0.04 17 -1.32 0.2 
Shapes x Old 0.03 0.04 34 0.71 0.48 
Flash x Shapes x Old 0.073 0.058 34 1.26 0.21 
 
 
Page 67 of 296 
 
2.2.6 Discussion  
The results of the experiment indicate that there is no significant effect of the mode of presentation 
(Computer PC or the Flash-cards) on the performance between young and older participants. After 
looking at the errors participants committed during the task and in particular the Shape-Colour 
Binding, I noticed that the very first trials on the Flash-cards were the most difficult (generated the 
most mistakes) not only for old, but also for young participant. On the debriefing session 
participants confirmed that they fully understood the aim of task only after a couple of trials. The 
instructions for Flash-cards were given verbally by the researcher and there were no written 
instructions or any visual aids presented to the participants, I hypothesized that if the instruction 
for the Flash-cards will be displayed on the “run-in cards”, performance on the test will improve. 
To check this hypothesis I introduced the “run-in cards” in the Experiment 3.  
Experiment 3 
Flash-cards with “run-in cards” vs. Computer PC 
Participants are presented with a series of run-in trials until the examiner is satisfied that they fully 
understood the instructions of the task.  
2.3.1  Participants  
Thirty-two new participants entered the experiment. Sixteen were postgraduate psychology 
students (11 male and 5 females) who volunteered for the study and gave their informed consent. 
Their mean age was 27 (SD = 2.8). The other 16 participants (8 male and 8 females) were older 
adults recruited from the University of Edinburgh volunteer panel with mean age 70 (SD = 7.7). 
The two subgroups differed in terms of years of education (young adults: M= 19.6, SD = 2.5; older 
adults: M= 14.3, SD = 3.2; t (22)=5.00, p<0.05).  
2.3.2  Stimuli and procedure  
In the experiment the “run-in cards” were introduced as an aid to familiarise the participant with 
the task. Run-in cards were presented as A4 format explanatory cards with the same Conditions as 
on the Flash-cards: Perceptual, Shapes Only, and the Shape-Colour Binding Condition. Before 
each condition these cards were presented to the participant with the verbal explanation of each 
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Condition. If the participant confirmed that he or she understood the instruction the test on the 
Flash-cards would follow.  
2.3.3   Analysis 
The data was analyzed using R-Studio (version 3.2.2) package “lme4” (Bates, Maechler, Bolker, 
2012) was used to perform linear mixed effect analysis of whether the introduction of the “run-in 
cards” for the Flash-cards improved the performance of the TMB test. As fixed effects, I entered 
Group (young vs. old), Condition (Shapes Only vs. Shape-Colour Binding Condition), and Task 
(performance on the Flash-cards with the “run-in cards” and Computer PC) with interaction term 
between these variables; as random effect was intercepts for participants.  
 2.3.4   Results 
The mean performance on the task and conditions is summarized in the Table 2.5 it shows that 
there was a significant improvement in the performance on the test when I introduced the “run-in 
cards” 
Table 2.5. Mean proportion of correct recognition on the TMB test by two groups. 
Group Computer PC  Flash-Cards 
 
Shapes Binding  Shapes Binding 
Mean (SD) Mean (SD)  Mean (SD) Mean (SD) 
Older (N= 16) 0.96 (0.03) 0.90 (0.1)  0.98 (0.01) 0.96 (0.06) 
Younger (N = 16) 0.96 (0.03) 0.95 (0.03)  0.98 (0.02) 0.98 (0.04) 
The average mean difference between two modes of the test representation was 0.03 of the scale 
range. In other words, on a 0 to 1 scale, the mean of the scores from the Flash-card measure was 
0.03 points higher than the mean of the scores from the Computer PC version. 
! Estimates of the fixed effects revealed that mean performance on the Flash-card and on the 
Computer PC did not differ (β = 0.018, P = 0.19); the Bayes factor (BF) (for a sample difference 
between Computer PC and the Flash-cards of 0.93, SE = .02) was 0.77 (1/ 3 > BF < 3), which is 
strong evidence supporting the null versus alternative hypotheses. This indicates that the mode of 
the presentation of the test did not impact on the performance on TB task. Mean performance on 
Shapes only was not significantly different from the mean performance on the Shape-Colour 
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Binding Condition (β = -0.007, P = 0.59), BF = 1.91 (M = .96, SE = 0.6). The older adults’ mean 
performance did not differ from the younger adults’ performance on the TB task (β = -0.003, P = 
0.79), BF = 1.49 (M =0 .95, SE = 0.65), confirming the lack of age-related effect on the test, 
independently of the mode of the presentation. All the interactions were far from significance. 
 
2.3.5  Discussion 
The aim of the experiment was to check whether inclusion of the “run-in cards” for the Flash-
Cards would improve the accuracy on the TMB test. As the experiment shows, inclusion of the 
cards for the Flash-Cards test improves the understanding of the task and significantly improves 
TMB performance.  
Mean differences between the Flash-card and Computer PC version were small, suggesting 
equivalence. As predicted from previous experiments (Brockmole et al., 2008; Isella et al., 2015; 
Parra et al., 2009b; Read et al., 2016; Rhodes et al., 2015), no effect of age emerged and with two 
items per trial performance was near ceiling in both groups which, should there be a fundamental 
impairment of TMB in AD, will maximize sensitivity.  
During the debriefing session younger volunteers stated that they felt more comfortable with the 
Computer-based task whereas older participants found the Flash-card version friendlier. Some 
older participants on the Computer PC version of the tasks noticed their limited computer literacy 
and questioned their performance. This should be taken into consideration in order to improve 
compliance in older people. In sum, the Flash-cards version, which is portable, inexpensive, and 
accommodates clinical needs proved to be a sound alternative to the Computer PC version of the 
TB task. 
Experiment 4 
Tablet PC vs. Computer PC 
In this experiment the Tablet PC mode of representation of TMB was compared to the 
computerized TMB test. The aim of the experiment is to test if the two means of TMB 
assessment produce equivalent scores.  
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2.4.1 Participants  
A new sample of 32 participants entered the experiment. Sixteen participants were postgraduate 
psychology students (8 males and 8 females) who volunteered for the study and gave their 
informed consent with mean age of 23.38 (SD = 4.03) and average education of 16.25 years (SD = 
3.04). The other 16 participants were older adults (6 males and 10 females) that were recruited 
from the University of Edinburgh volunteer panel with mean age of 72.44 (SD = 6.68), with the 
mean of years of education of 17.19 (SD = 5.18). The two subgroups did not differ in terms of 
years of education (t (22) = -1.27, p = 0.20). Participants also did not differ in general cognitive 
functioning (ACE for young adults: M = 97.25, SD = 2.43; older adults: M = 95.94, SD = 3.85; t 
(22) = 1.59, p= 0.12). None of the young or old participants were excluded due to poor colour 
vision: on the Perceptual Condition on the Computer PC and on the Tablet PC all performed above 
the 80% level.  
2.4.2  Procedure 
Participants for the experiment were allocated to each task in a counterbalanced manner: half of 
participants received the Computer PC task first and then, after a 30 minutes interval that was 
filled with cognitive tests, they performed the Tablet PC version of the task. The remaining 
participants received the tests in the reverse order. Before each task participants read the 
instruction for each task on the Computer PC or Tablet PC screen. The materials and procedure of 
the tasks are described in the section 2.1.3, 2.1.4, and 2.2.2. 
2.4.3  Analysis 
The data was analysed using R-Studio (version 3.2.2) package “lme4” (Bates, Maechler, Bolker, 
2012) to perform linear mixed effect analysis of the impact of different mode of presentation 
(Tablet PC and Computer PC) on the performance of the TMB test by young and older adults. As 
fixed effects were Group (young vs. old), Conditions (Shapes Only vs. Shape-colour Binding 
Conditions), and Task (Tablet PC vs. Computer PC) with interaction term between those variables, 
as random effect I had intercepts for participants. I run the same set of models, but controlling for 
the effects of education and general cognitive functioning.  
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2.4.4   Results 
Table 2.6 shows the proportion of the correct responses on the Tasks and Conditions. Performance 
on the Computer PC and on the Tablet PC by young adults was at ceiling in both Conditions. For 
older adults Shape Only Condition was at ceiling on both Computer PC and the Tablet PC, 
however on the Shape-Colour Binding Condition on both Tablet PC and Computer PC older 
participants made more mistakes than on the Shapes Condition.  
Table 2.6 Mean performance (correct responses) on the Computer PC and on the Tablet PC by 
younger and older adults 
Younger (N = 16) Older (N = 16) 





















0.97 0.97 0.92 0.88 
(0.12) (0.04) (0.03) (0.03) (0.04) (0.07) 
Obtaining the estimates of the fixed effects revealed that the mode of representation (Tablet PC or 
Computer PC) did not affect the performance on the TMB test. Mean performance on the Shape-
Colour Binding Condition was not significantly different from the mean performance on the Shape 
Only Condition. The direction of the association indicated that older participants overall 
performed worse than younger adults. Performance on the Shapes Only Condition for older adults 
was easier than on the Shape-Colour Binding condition  (Table 2.7). 
Table 2.7 Estimates of the fixed effects and interaction effects 
                                 β Std.Error DF  t-value  p-value 
With cards 0.0012 0.019 30 0.66 0.94 
Binding condition -0.004 0.019 60 -0.23 0.81 
Old participants -0.049 0.021 30 -2.35 0.02 
Tablet x Shapes 0.0125 0.027 60 0.46 0.64 
Tablet x Old -0.039 0.027 30 -1.44 0.16 
Shapes x Old 0.0575 0.027 60 2.13 0.03 
Tablet x Shapes x Old 0.0243 0.038 60 0.64 0.52 
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I checked the regression model on the influential cases (a value with high leverage on the 
regression line and Cook’s D). There were two participants from the older group, who performed 
significantly poorer than the rest of the group (cases 50 and 89 with the performance on the 
binding task 0.60 (on the Tablet PC)). I checked whether exclusion of those cases would change 
the models prediction. When I excluded these two cases from the analysis, the fixed estimates of 
the models shows that older participants’ mean performance was worse than mean performance of 
younger participants (β = -0.05, p < 0.01). The group – condition interaction effect was significant 
(β = -0.05, p = 0.008): older adults’ mean performance on the Shape-colour Binding Condition 
was significantly worse that the mean performance of younger adults on the Condition.  
I checked if the education level or level of general cognitive functioning influenced the result. 
When I entered the education level and general cognitive functioning, those variables did not 
improve the model fit: education level did not affect the performance on the task (Tablet PC vs. 
Computer PC) (χ2 (14) = 4.20, p  = 0.12) or condition (Shapes Only vs. Shape-Colour Biding) (χ2 
(17) = 1.21, p  = 0.74). There was no effect of general cognitive function on performance on the 
conditions (χ2 (25) = 1.33, p  = 0.85).  
2.4.5  Discussion  
Results indicate that there is no significant effect of the mean of testing (whether TMB test was on 
the Computer PC or Tablet PC) and therefore I confirmed that the Tablet PC version of the TMB 
test is a good alternative to the Computer PC version of the test. When debriefing older adults I 
noticed that they were more comfortable working with a Computer PC version of the test than 
with the Tablet PC. In addition, participants pointed out that all the instructions for both Shapes 
Only and Shape-Colour Binding Conditions on the Tablet PC version were given at the beginning 
of the test. They had to remember the instructions about the Shape-Colour Binding Condition 
while performing the Shapes Only Condition. I hypothesized that this could cause the errors on the 
Shape-Colour Binding Condition.  
To address the last issue, I introduced the “run-in cards” to familiarise participants about the task 
to allow practicing before each condition. I hypothesized that the inclusion of the “run-in cards” 
would improve the accuracy on the TMB test and specifically on the Shape-Colour Binding 
Condition.  
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Experiment 5 
Tablet PC with “run-in cards” vs. Computer PC 
2.5.1 Participants  
Twelve new participants entered the experiment. Six were postgraduate psychology students (2 
male and 4 female) who volunteered for the study and gave their informed consent. Their mean 
age was 23.67 (SD = 2.6). The other 6 participants (3 male and 3 females) were older adults 
recruited from the volunteer panel with mean age 72 (SD = 5.04). The two subgroups did not 
differ in years of education (young adults: M= 17.83, SD = 2.2; older adults: M= 20.5, SD = 6.34; 
t (13.62)=-1.37, p = 0.19). The two subgroups did not differ in terms of their general cognitive 
function: ACE (young adults: M= 96.83, SD = 1.75; older adults: M= 95.83, SD = 4.57; t 
(14.15)=0.708, p = 0.49). None of the young or old participants was excluded due to poor colour 
vision: on the Perceptual Condition on the Computer PC and on the Tablet PC all performed above 
the 80% level.  
2.5.2  Stimuli and procedure  
In the experiment I introduced the “run-in cards” that were used in the Experiment 3 that are an 
aid to familiarise the participant with the task. Stimuli and procedure were explained in the 
Experiment 2.1.3, 2.1.4 and 2.2.2.  
2.5.3  Analysis 
The data was analysed using R-Studio (version 3.2.2) package “lme4” (Bates, Maechler, Bolker, 
2012) was used to perform linear mixed effect analysis of whether introduction of the “run-in 
cards” for the Flash-Cards impact performance of the TMB test. As fixed effects, I entered groups 
(young vs. old), conditions (shapes vs. binding task), and tasks (performance on the Tablet PC 
with “run-in cards” and Computer PC) with interaction term between those variables. As random 
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2.5.4   Results 
The mean performance (correct responses) on the Tablet PC with “run-in cards” and on the 
Computer PC can be seen in the Table 2.8. The performance means improved and were at ceiling 
for both groups regardless of the Task and Conditions.   
Table 2.8. Mean performance (correct responses) on the Tablet PC with “run-in cards” and on the 
Computer PC.  
  Tablet PC with Cards Computer PC 
  Shapes Binding Shapes Binding 
Old (N = 6) 0.98 0.92 0.97 0.95 
Young (N = 6) 0.99 0.99 0.98 0.98 
Mean performance on the Tablet PC and on the Computer PC did not differ (β = 0.015, t = 0.77, p 
= 0.45); mean performance on the Shapes Only Condition was not significantly different from the 
mean performance on the Shape-Colour Binding Condition (β = 0.005, t = 0.25, p = 0.8). Older 
adults’ mean performance did not differ from the younger adults performance on the TMB test (β 
= -0.01, t = -0.47, p = 0.64).  
2.5.5  Discussion 
The aim of the experiment was to check whether inclusion of the “run-in cards” would improve 
the accuracy on the TMB test. As the experiment shows that inclusion of the “run-in cards” to the 
Tablet PC version of the TMB test significantly improves the TMB test performance.  
Experiment 6 
Flash-cards vs. Tablet PC 
2.6.1 Participants 
Thirty-two new participants entered the experiment. Sixteen were postgraduate psychology 
students (8 male and 8 female) who volunteered for the study and gave their informed consent 
with mean age of 23.81 (SD = 4.6). The other 16 participants (4 males and 12 females) were older 
adults that were recruited from the volunteer panel with mean age of 71 years old (SD = 8.65). 
Younger and older adults did not differ in terms of their years of education (young adults: M= 
17.12, SD = 1.5; older adults: M= 16.5, SD = 4.5; t (126) = 1.08, p= 0.28) and general cognitive 
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functioning: ACE (young adults: M = 97.35, SD = 2.44: old adults M = 95.50, SD =5.3; t-test 
(22)= - 0.95, p=0.35). None of the young or old participants was excluded due to poor colour 
vision: on the Perceptual Condition on the Tablet PC and on the Flash-cards all performed above 
the 80% level.  
2.6.2 Procedure 
Participants for the experiment were allocated to each task in a counterbalanced manner: half of 
the participants received the task on the Flash-cards first and then, after a 30 minutes interval that 
was filled with cognitive tests, they performed the Tablet PC version of the task. The remaining 
participants received the tests in reverse order. The procedure of the tasks is described in sections 
2.1.3 and 2.2.2. We included the “run-in cards” that were designed for the previous experiments in 
the procedure of the test.    
2.6.3 Analysis 
The data was analysed using R-Studio (version 3.2.2) packages “lme4” (Bates, Maechler, Bolker, 
2012) to perform linear mixed effect analysis of the impact of different mode of presentation 
(Flash-Cards and Tablet PC) on the performance of the TMB test by young and older adults. As 
fixed effects, I entered Groups (young vs. old), Conditions (Shapes Only vs. Shape-Colour 
Binding), and tasks (Flash-cards vs. Tablet PC) with interaction terms between those variables; as 
random effect I had intercepts for participants.  
2.6.4  Results 
The mean performance (correct responses) on the task is presented in the Table 2.9.  
Table 2.9 Proportion of correct responses on the Flash-cards and Tablet PC by two groups.  
Young (N = 16) Old (N = 16) 

































The estimates of the fixed effects show that the main effect of the Task was not significant (β = 
0.018, t = 0.03; p = 0.97) meaning that these two means of assessment of the TMB test produce 
the same results. Mean effect of group was not significant (β = -0.02, t = 1.67; p = 0.09), as well as 
 
Page 76 of 296 
 
mean performance on the Shapes Only Condition was not significantly different from the mean 
performance on the Shape-Colour Binding Condition (β = 0.02, t = 0.81; p = 0.41). None of the 
interaction also did not reached significance. 
2.6.5  Discussion 
Results of the experiment indicate that there is no effect on the performance between young and 
older adults on the Tablet PC or Flash-cards. That is supported by our hypothesis that these two 
forms of assessment are alternatives to each other. 
There was no age affect on the performance between two groups. Both young and older adults 
performed better on the shapes and poorer on the binding task.  
Additional Analysis 
Flash-cards vs. Tablet PC vs. Computer PC 
I combined Experiments 3, 5, and 6 to compare performance on the TMB test across all 
modes of presentation.  
2.7.1  Participants 
Thirty-eight participants were postgraduate psychology students (20 male and 18 female) with 
mean age of 25.05 (4.01) years old and 38 older participants (15 males and 23 females) with mean 
age of 70.74 (7.58) years old. Younger and older adults differ in terms of their years of education 
(young adults: M= 18.29, SD = 2.34; older adults: M= 16.24, SD = 4.80; t (1, 74) = 2.37, p= 0.02), 
but not general cognitive functioning: ACE (young adults: M = 97.58, SD = 2.19: old adults M = 
96.39, SD = 4.42; t-test (1,74)= 1.48, p=0.14). 
2.7.2 Analysis 
The data was analysed using R-Studio (version 3.2.2) packages “lme4” (Bates, Maechler, Bolker, 
2012) to perform linear mixed effect analysis of the impact of different mode of presentation 
(Computer PC, Flash-Cards and Tablet PC) on the performance of the TMB test by young and 
older adults. As fixed effects, I entered groups (young vs. old), conditions (Shapes only vs. Shape-
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Colour Binding task), and tasks (Computer PC vs. Flash-Cards vs. Tablet PC) with interaction 
term between those variables; as random effect I had intercepts for participants.  
2.7.3  Results 
Mean performance (correct responses) on the task can be seen in the Table 2.10.  The scores on all 
modes of TMB test presentation were at ceiling with very little variability.  
Table 2.10 Mean performance (correct responses) on the Flash-cards, Tablet PC, and Computer 
PC   
 
Obtaining the estimates (Table 2.11) of the fixed effects revealed that there was no difference on 
TMB performance regardless on which method of assessment the test was performed. Shape Only 
and Shape-Colour Binding Conditions were equally difficult for young and older adults. None of 
the interactions reached significance.  
Table 2.11 Estimates of the fixed effects and interaction effects 
                                 β Std.Error DF  t-value  p-value 
Task 0.01 0.02 72 0.65 0.52 
Condition 0.04 0.06 72 0.77 0.44 
Group 0.002 0.03 72 0.07 0.93 
Task x Condition -0.01 0.03 72 -0.22 0.82 
Task x Group -0.03 0.02 72 -0.19 0.84 
Condition x Group -0.06 0.04 72 -1.52 0.13 
Task x Condition x 
Group 0.01 0.02 72 0.50 0.61 
2.7.4  Discussion 
Results of the experiment indicate that there is no difference in performance between young and 
older adults regardless whether the test was performed on the Computer PC, Tablet PC or Flash-
Young Old 
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cards. That is supported by our hypothesis that these three forms of assessment are alternatives to 
each other and can be used in the TMB assessment.  
Older adults’ performance was near ceiling; this can raise the question on whether an age 
effect might have been found had I had adapted the task to remove these ceiling effects. 
There is a considerable amount of research showing that there is no age effect on TMB tasks 
(Allen et al., 2013; Bastin, 2017; Brockmole et al., 2008; Brown & Brockmole, 2010; Brown 
et al., 2017; Hoefeijzers et al., 2017; Isella et al., 2015; Parra et al., 2009; Rhodes et al, 2015; 
Rhodes et al. 2017; van Geldorp et al, 2014). In the studies by Parra et al (2009) and by 
Rhodes et al (2015), the authors have used an increased memory demand arrays of 3, 4, and 6 
coloured shapes. In addition to the increased memory load they manipulated presentation 
time (Rhodes et al., 2016) and mixed trial types (Rhodes et al., 2017). None of these variables 
were found to produce an age-related binding deficit. Therefore, the reduction of number of 
items is unlikely to have produced an age affect once we account for ceiling effect. 
General discussion. 
The use of Computer PC or other computerised mediums of assessment (i.e. smart phones or 
Tablet PC) in comparison to the paper version of assessment increasingly attracts research interest. 
This is not in term of which form would dominate or if I need to replace all paper forms of testing 
into computerised ones (“paperless office” by Sellen & Harper, 2002) but whether these forms are 
equivalent to each other. The main aim of the experiments was to show that three methods of 
assessments of the TMB test (Computer PC, Tablet PC, and Flash-Cards) are alternatives to each 
other. In the series of experiments I showed that three forms of testing the TMB test yielded the 
same outcome for a single feature condition and for the Shape-Colour Binding condition. During 
the debriefing session younger volunteers stated that they felt more comfortable with the 
computer-based tasks whereas older participants found the Flash-Card version is friendlier for 
them. Some older participants noticed that they have limited computer literacy and questioned 
their performance and favoured more conventional forms pencil methods of assessment. This 
finding should be taken into consideration when testing older people. Tablet PC and Flash-cards 
are proved to be the alternative to the Computer PC form of assessing of the test and achieve the 
same outcome. Tablet PC and Flash-card versions have a main advantage over the Computer PC 
version as these are more portable forms of assessment and therefore can accommodate clinical 
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needs. In addition to that, Flash-cards are more affordable and cost effective form of assessment. 
For the future experiments it should be noted that the Flash-cards are required to use the “run-in 
cards” before each trials that would considerably reduce the amount of errors at the beginning of 
the tasks. These series of experiments showed that without the cards performance of older adults is 
poorer on the binding task compared to younger adults. 
Even though I showed that these forms of assessment are equal in terms of the test score outcomes, 
there are advantages and disadvantages of each method. Advantages of the computer-based 
assessment (Computer PC and Tablet PC) in the standardization of the testing environment. In 
another way, Conditions of the TMB test are presented in the same way and in the same time. 
Errors in administration of the test are minimized as well as testing bias. Another benefit is in the 
accurate timing of the procedure and automatic scoring of the data that is again reducing human 
error. Storage of the big data set and easy access to it, as well as recording into the “ready-to-
analyse format” is another advantage. Additional benefit of the Tablet PC version over the 
Computer PC version of the test is in its portability that is a great advantage, should the test be 
performed outside clinical or laboratory settings.  
There are number of disadvantages of the computerized methods over the Flash-card one. First of 
all, this is in the need of the computer proficiency as computer’s and tablet’s software and 
hardware can be problematic and a subject of freezing and crushing. The person, who is assessing, 
should be computer knowledgeable and be able to fix any problems that can arise during the 
testing. Some of the older participants complained during the test that staring at the screen was 
tiring and uncomfortable for eyes, that this discomfort jeopardizes their concentration on the test. 
The other point of concern of the computerized methods is confidentiality, as most computers 
require Internet access for storage of large data sets. The last disadvantage is the personal 
preferences. As I already noted, older participants felt that Flash-card version of the test was more 
comfortable and user friendlier for them. In the contrary, younger participants preferred Tablet PC 
and Computer PC versions.    
Flash-card version immediate benefit is in its affordability and portability. This is very beneficial 
for clinical and research purposes as it requires minimum financial impact, and can be used 
outside clinical and research facilities. Flash-cards version would be more advantageous for testing 
people with cognitive impairment as it will minimize anxiety of computer illiteracy that some of 
the patients might have. 
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Chapter III 
ERP components of the Temporal Memory Binding (TMB) 
task in younger and older adults 
3.1 Introduction  
The general decline of cognitive performance with age is a well-documented and broadly 
researched phenomenon (Deary et al. 2007; Salthouse, 1996, Johnson, Logie, & Brockmole, 
2010). WM capacity is reduced in older adults relative to younger adults (Park et al., 2002; 
Logie & Maylor, 2009), however Binding within-object features (e.g., shape and colour) is 
generally unaffected by normal ageing (Brockmole et al., 2008; Parra et al., 2009; Parra, 
Abrahams, Logie, & Della Sala, 2009; Brown & Brockmole, 2010, Rhodes et al., 2015; Isella, 
Molteni, Mapelli, & Ferrarese, 2015; Peterson & Naveh- Benjamin, 2016; Rhodes, Parra, & 
Logie, 2016).   
In the previous chapters, I showed that the Binding within-object features process (e.g., shape 
and colour) is generally unaffected by normal ageing (Brockmole et al., 2008; Parra et al., 
2009; Parra, Abrahams, Logie, & Della Sala, 2009; Brown & Brockmole, 2010, Rhodes et al., 
2015; Isella, Molteni, Mapelli, & Ferrarese, 2015; Peterson & Naveh- Benjamin, 2016; 
Rhodes, Parra, & Logie, 2016). This experiment was set up to investigate whether the 
recruitment of additional areas in older adults aids their ability to perform the task 
successfully. According to Park and Reuter-Lorenz’s (2009) Scaffolding Theory of Aging 
and Cognition (STAC) as a reaction to the increase task difficulty and in order to maintain 
their overall task outcome older adults supplement their performance through the recruitment 
of compensatory neural pathways. If this is true for successful performance on TMB task by 
older adults, we should observe compensatory recruitment of more areas of the brain 
compared to younger adults. I will first elaborate on the STAC.  
Scaffolding Theory of Cognitive Ageing 
More and more research is trying to explain age-related declines in cognitive tasks by 
behavioural and functional changes in cognition. The Scaffolding Theory of Age and 
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Cognition (STAC) (Park & Reuter-Lorenz, 2009) postulates that in response to behavioural 
ageing such as decrease in processing speed, inhibitory process, decline in storage systems, 
the ageing brain increases frontal activation that is a hallmark of cognitive ageing. The 
authors suggest that the compensatory recruitment of the areas such as the pre-frontal cortex 
is a healthy response to the challenge of cognitive ageing that aids successful task completion. 
STAC is similar to Stern’s cognitive reserve theory (2002). Stern suggested a response to 
brain damage may be the compensatory recruitment of neural structures not normally used 
for given tasks.  
STAC is based on the results of series functional imaging studies of ageing, that is the 
decrease in brain volume in the caudate, hippocampus, and the cerebellum are compensated 
for by increased bilateral activation in the pre-frontal cortex (PFC). Cabeza et al. (2004) and 
Reuter-Lorenz et al. (1999) in their experiments using measures of verbal working and long-
term memory examined pre-frontal cortex activation in young and older adults. They 
demonstrated left-sided pre-frontal activation in the younger adults, whilst the older adults 
displayed increased bilateral activation of these areas as compensation to the increased 
demands.  
Exploring if in fact in order to complete task successful, older adults recruit more bilateral 
frontal areas I employed Event-related potentials (ERPs).  
Portable low-density EEG 
Monitoring human brain activity has great potential in helping us understand the functioning 
of our brain. Non-invasive surface EEG is the dominant modality for studying brain 
dynamics and performance in real-life interaction of humans with their environment. ERP 
provide an affordable measure of neurological functioning. 
Published works on EEG-based AD diagnosis have typically relied on EEG setups ranging 
from 16, 20, 32, 64, or 128 electrodes. Such systems are cumbersome and time consuming to 
place on the participants, sometimes taking up to one hour only for the EEG headgear 
preparation. This can have serious outcomes especially for frail elderly and patients with AD 
diagnosis, as drowsiness, fatigue, stress, and/or alternate mental states may alter EEG patterns, 
thus deteriorating diagnostic accuracy. Moreover, such medical-grade systems are hard to 
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transport and expensive to fund in low- and middle-income countries, as well as in remote 
and rural regions of developed countries.   
Over the last few years, the miniaturization of EEG equipment has led to the proliferation of 
portable wireless headsets. Such headsets have several interesting advantages compared with 
their research-grade counterparts, such as: (1) reduced hardware-related stress to the user 
during headset preparation and during recordings, thus reducing distractions and allowing 
longer recordings in more natural positions or activities, such as book reading or TV 
watching, (2) since wires are eliminated, transportation of these devices is much easier and 
recording and processing of EEG signals has become a reality, and lastly, (3) the lower power 
consumption requirements have allowed for long-term recordings while subjects are 
performing their daily activities, thus making ambulatory EEG practical.  
As such, it is important that we explore the benefits of using low-density portable systems for 
AD diagnostic purposes. This experiment presents the implementation of the low-density 
EEG setup comprised of 7 electrodes. 
In this experiment the Event Related Potentials (ERP) elicited during a TMB task were 
analyzed to investigate the hypothesis whether temporarily holding feature bindings is 
neurally costlier than holding individual features. Previous behavioural studies investigating 
this hypothesis have yielded negative findings (Allen, Baddeley, & Hitch, 2006; Karlsen, 
Allen, Baddeley, & Hitch, 2010). Yet biological evidence drawn from fMRI showed a costly 
binding process relative to single feature processing (Parra et al., 2014). To date, no 
electrophysiological study has addressed this hypothesis 
3.2 Materials and Methods 
3.2.1 Participants 
Twenty-five young undergraduate students (age M= 26.2, SD=4.2) from the University of 
Edinburgh and 20 healthy older participants (age M=69.8, SD=7.5) recruited from the 
University of Edinburgh psychology research volunteer panel and from the community took 
part in the study. All participants reported no history of neurological or psychiatric diseases. 
They also reported normal colour vision.  All participants provided written informed consent. 
The Ethics of the National Health Services (NHS-MREC) and Lothian REC (MREC Ref. 
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06/MRE07/40; Lothian R&D Ref. 2006/P/PSY/22) approved the study. 
3.2.2 Neuropsychological assessment  
The general cognitive status of participants was examined with the Addenbrooke’s cognitive 
examination-revised (ACE-R) (Mioshi et al., 2006). All participants score on the ACE-R 
above 95. Years of education differ significantly between groups (Older: M=16.60, SD=2.66; 
Younger: M =19.40, SD= 2.89), W =114, p=0.002. 
3.2.3 The Memory Binding Task  
The TMB task is described in the Sections 2.1.3 and 2.1.4. In this experiment I used two 
Conditions: the first one was a single feature Shape only condition (100 trials) that was 
followed by feature binding Shape-Colour Binding Condition (100 trials). Trials in both 
conditions were presented with two items. Before each condition participants were presented 
with 20 run-in trials so the participants could fully understand the instructions of the task. 
Trials in each condition are fully randomized across participants. Each condition begins with 
a fixation cross-centred on a light grey background shown for 1000 msec. That is followed by 
the study display for 2000 msec. After a 1000-msec retention interval, the test display is 
presented after which the participants responded. Responses are given by pressing one of the 
keys on the computer mouse that would correspond with the answer “same” or “different” 
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Figure 3.1. (A) COGNISION® is a portable EEG system aimed at providing EEG-based 
biomarker evidence. With the support from Neuronetrix, we incorporated the TMB to 
COGNISION® to undertake the present study. (B) Experimental design. Example of a trial 
sequence during the Shape Only and Shape-Colour Binding Conditions of TMB test. (C) EEG 
setup used to collect ERP data. 
 
 
Electroencephalogram (EEG) recording 
Electroencephalographic (EEG) activity was recorded from 7 electrode sites (Figure 3.1.C) of 
the international 10-20 system using a COGNISION® Headset (Neuronetrix, Figure 3.1.A). 
Electrodes were referenced to averaged mastoids (M1, M2), and Fz served as the common 
electrode. The headset used for data collection has been validated to perform reliable ERP 
recordings (Cassani et al., 2017; Cecchi et al., 2015). Impedance was automatically checked 
at all electrodes throughout the task and was kept below this limit (<70 kΩ; see Cecchi et al., 
2015). The EEG was digitized at 125 Hz and bandpass filtered from 0.3 to 35 Hz. Epochs of 
EEG data were extract from −200 to 3000ms locked to the onset of the study or test display 
around the stimuli. An automatic artefact threshold detection limit of ±100 µV was set for the 
tests. Epoch sets with artefacts exceeding the threshold were rejected in real time and 
randomly rescheduled thus avoiding trial loss. Trial averaging and extraction of ERP 
measures were performed offline after exporting the raw data.  
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3.3 Analysis 
3.3.1 Behavioral data 
The data were analysed using R-Studio (version 3.3.3) and its build-in package “stats” (R 
Core Team, 2017). Performance on two conditions by two groups was compared through 
one-way non-parametric ANOVA. As age and education were significantly different between 
two groups they were held as covariates.  
3.3.2 ERPs 
Analyses were performed offline with EEGLAB (Version 13.5) and MATLAB 2016. Data 
were filtered between 0.3 Hz (high-pass) and 30 Hz (low-pass). EEG activity was referenced 
to the grand average. Visual inspection of the data was followed by independent component 
analysis (ICA) to further remove artefacts such as blinks. Continuous EEG data were 
segmented in epochs of -200 to 2000 ms locked to stimulus onset for both the study and test 
phase. A baseline correction using -200 to 0 ms window was applied. To each memory phase 
(encoding and retrieval) we subtracted the “true” baseline (-200 ms prior the study display).  
Epochs containing artefacts with exceeded threshold of +/- 100 µV were manually removed. 
Separate grand averages for each participant and each TMB condition (only correct trials 
were included in the analysis) were generated.  
We used a component-free approach, and thus all sensors for both conditions were assessed 
for significant differences across conditions and groups. To this aim, we used Monte Carlo 
permutation tests (4000, threshold p=0.01) combined with bootstrapping, as reported in other 
studies (Hesse et al., 2016; Ibanez et al., 2013; Naccache et al., 2005). This method is a 
modified version of the permutation test proposed by (Maris & Oostenveld, 2007) which 
generates a non-parametric estimate of the p-value, representing the statistical significance of 
the originally sample space. Such an analysis offers a straightforward solution for multiple 
comparison problems and does not depend on multiple comparisons correction or Gaussian 
assumptions about the probability distribution of the data (Nichols & Holmes, 2002). Time-
windows with the significant results were used to extract the averaged ERP activity 
(amplitude) that entered the next step of analysis. Linear Mixed model was performed to 
 
Page 86 of 296 
 
evaluate the association between ERP components and the two conditions of TMB task 
across the two groups for each electrode.   
3.4. Results 
3.4.1 Behavioral results 
Performance on the TMB task is displayed on the Figure 2. Younger and Older adults 
performed equally well on the Shape only (Older: M = 0.93, SD= 0.04; Younger M=0.92, 
SD=0.05) and Shape-Binding condition (Older: M = 0.92, SD= 0.08; Younger: M=0.93, 
SD=0.05). The main effects of Group and Condition were non-significant (F (1, 84) = 0.011, 
p = 0.92, d = 0.41 and F (1, 84)=0.02, p = 0.97, d = 0.42 respectively), and neither was the 
Group x Condition interaction (F (1, 84) = 0.350, p = 0.55). The accuracy for both groups 
was close to ceiling on both conditions of the TMB task.  
Figure 3.2. Mean performance during the TMB task in the shape-only and shape-color binding 
conditions performed by two groups.  
 
3.4.2 ERP results  
From the permutation test Young vs Old (Figure 3.3) during the encoding phase significant 
difference emerged in the time window between 300 msec and 600 msec in both conditions 
over all electrode sites.  
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From the permutation test Shape Only vs Shape-Colour Binding (Figure 3.3) during the 
encoding phase for younger adults there were no significant difference in encoding phase 
between Shape Only and Shape-Colour Binding conditions. For older adults, on the other 
hand, significant difference emerged in the early time window between 50 and 300 msec and 
late time windows between 450 and 600 msec and 1000-1200 msec over P3 and P4 
electrodes sites.  
From the permutation test Young vs Old (Figure 3.3) significant difference emerged during 
all retrieval phase in both conditions over all electrode sites.  
From the permutation test Shape Only vs Shape-Colour Binding (Figure 1) during the 
retrieval significant different is in time windows between 100 and 200 ms and 300 and 600 
ms over Cz and P4 electrodes sites. For older adults, on the other hand, there was no 
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Figure 3.4. Grand average ERPs for Shape only and Shape-Colour Binding Condition in young 
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The main outcomes from all the linear models are presented in Table 3.1 
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Table 3.1 Linear Mixed Model Results for Early and Late Components over 7 electrodes For Young and Older Adults   
Encoding 
 Main effect of Group  Main effect of Condition  Interaction 
Early component 
(200-800 msec) F p ES P (%) 
 F p ES P (%)  F p ES P (%) 
Fz 13.54 0.02 0.78 68  0.11 0.74 - -  0.06 0.82 - - 
Cz 17.46 0.01 0.90 80  0.06 0.80 - -  0.006 0.59 - - 
Pz 13.34 0.02 0.76 65  0.78 0.39 - -  0.78 0.39 - - 
F3 10.01 0.03 0.58 44  0.67 0.43 - -  0.67 0.43 - - 
P3 17.12 0.01 0.88 78  0.19 0.67 - -  0.19 0.67 - - 
F4 5.89 0.13 - -  0.09 0.76 - -  0.008 0.93 - - 
P4 9.67 0.03 0.65 52  0.64 0.44 - -  0.14 0.74 - - 
               
Late component 
(800-1990 msec) 
              
Fz 5.6 0.14 - -  3.71 0.05 0.12 7  0.02 0.90 - - 
Cz 4.79 0.16 - -  6.94 0.01 0.49 33  0.04 0.85 - - 
Pz 0.002 0.96 - -  3.75 0.05 0.21 10  0.33 0.62 - - 
F3 0.50 0.49 - -  4.62 0.04 0.46 30  0.04 0.85 - - 
P3 0.72 0.48 - -  4.36 0.05 0.13 6  0.09 0.78 - - 
F4 5.15 0.15 - -  4.44 0.04 0.30 17  0.18 0.70 - - 
P4 0.88 0.44 - -  5.31 0.03 0.19 15  0.43 0.57 - - 









 Main effect of Group  Main effect of Condition  Interaction 
Early component 
(200-800 msec) 
F p ES  P (%)  F p ES P (%)  F p ES P(%) 
            
Fz 23.93 0.001 0.99   7.79 0.005 0.58   0.02 0.89 - - 
Cz 22.54 0.001 0.92   10.75 0.001 0.69   0.02 0.87 - - 
Pz 21.00 0.001 0.86   3.87 0.05 0.40   0.21 0.66 - - 
F3 25.83 0.001 1.04   8.58 0.003 0.62   0.44 0.53 - - 
P3 23.49 0.001 0.99   4.30 0.04 0.37   0.25 0.64 - - 
F4 2.62 0.105 - -  8.00 0.05 0.60   0.09 0.77 - - 
P4 19.43 0.001 0.86   2.98 0.12 - -  0.13 0.73 - - 
               
Late component 
(800-1990 msec) 
              
Fz 3.49 0.06 - -  2.19 0.13 - -  0.18 0.68 - - 
Cz 16.20 0.001 0.75 64  4.54 0.03 0.19 9  0.23 0.65 - - 
Pz 19.72 0.001 0.85 75  4.71 0.06 - -  0.43 0.51 - - 
F3 2.22 0.21 - -  1.35 0.24 - -  0.40 0.55 - - 
P3 18.37 0.001 0.83 73  4.40 0.03 0.20 9  0.39 0.53 - - 
F4 2.62 0.10 -   3.69 0.05 0.35 19  0.12 0.74 - - 
P4 13.79 0.001 0.73 62  4.81 0.02 - -  0.28 0.62 - - 
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3.4.2.1  Encoding Phase. Age effect 
During the early time-window (200-800 ms) the main effect that proved significant was that 
of Group over all electrodes except F4. Linear contrasts showed that older adults had 
increased amplitude during the early time-window over all electrodes (apart F4) compare to 
younger adults (p<0.001 for all). This suggests that older adults need to allocate more 
recourses to the visual processing of the stimuli during the encoding phase. During the Late 
time-window (800-1990ms) the main effect of Group was non-significant.  
3.4.2.2  Encoding Phase. Binding Cost 
During the early time-window (200-800 ms) neither the main effect of Condition nor the 
Group x Condition interaction was significant. During the Late time-window (800-1990 ms) 
the main effect of Condition was significant over all electrodes. Linear contrasts did not 
reveal significant difference in the late time-window of the encoding phase in both 
Conditions. The Group x Condition interaction was non-significant. The results show that the 
encoding phase for Shape-Colour Binding Condition require extra resources compare to the 
Shape Only condition neither for older adults nor for younger participants.  
3.4.2 3  Retrieval Phase. Age effect 
During the early time-window (200-800 ms) and the late time-window (800-1990 ms), except 
F4 for the latter, the main effects of Group were significant. Linear contrasts for both time-
windows revealed increased amplitude in older adults over all electrodes (apart F4 during the 
late time-window) compare to younger adults (p<0.001 for all). These results show that the 
retrieval process, associated with monitoring and evaluation processes, for older adults poses 
more effort than for younger adults.  
3.4.2.4  Retrieval Phase. Binding Cost 
During the early (200-800 ms) and late (800-1990ms) time-windows the main effects of 
Condition were significant over all the electrodes except P4 during the early time-window. 
Linear contrasts for early and late components revealed that the Shape-Binding Condition has 
increased amplitude over the Fz, Cz, Pz, F3, and F4 (p<0.001 for all). The Group x Condition 
interaction for both early and late time-windows were non-significant. The results reflect the 
enhanced electrophysiological brain activity during the whole retrieval phase on the Shape-
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Binding Condition mainly over the frontal electrodes as well as central parietal and central 
electrodes, meaning that decision monitoring and evaluation of bind features is 
electrophysiologically costlier than of single feature.   
3.4.3  P300 
As can be seen in Figure 3.4, the ERP effects in the older subjects appear to differ 
dramatically from those in the young group. The grand average ERPs illustrates higher peaks 
with later-onsetting across all components over all electrode sites in older people. These 
effects seem to be more prominent over all parietal electrodes. Even though initially we chose 
a component-free approach, I wanted to explore if P300 would be more informative than 
previously selected time-windows. P300 characterises early conscious processes involved in 
attention and working memory process (Pickton, 1992). This component was shown to 
behave differently in younger and older adults and in discriminative tasks in younger adults 
the component picks earlier (around 300 ms) than in older adults (around 500-600 ms) post-
stimulus (Tays et al., 2008), suggesting that older adults recruit additional control processing 
(occurring closer to the point of response selection) to aid performance that is in line with 
STAC and my initial hypothesis about over-recruitment of frontal recourses that would aid 
the performance on the challenging tasks.  
 For the analysis of both P300 latencies (300 to 600 ms post-stimulus) and amplitudes, the 
mixed linear model was performed. The results of are shown quantitatively in Table 3.2.  
Table 3.2 Outcomes from the linear mixed models for P300 component across two groups over 
the 7 electrodes. 
                            P300 amplitude P300 latency 
! F p ! F p 
G 8.18 0.005  12.34 <0.001 
C 2.27 0.04  45.95 <0.001 
E 65.87 <0.001  17.28 <0.001 
G x C 0.26 n.s  1.24 n.s 
C x E 1.67 0.05  1.97 0.01 
G x E 6.94 <0.001  3.83 0.002 
G x C x E  1.24 n.s   0.51 n.s 
Note: C, condition (Shape-Colour Binding encoding, Shape-Colour Binding retrieval, 
Shapes Only encoding, Shapes Only retrieval); G, group; E, electrodes 
There were significant main effects of group, conditions and electrodes, as well as condition 
x electrodes and group x electrodes interactions for P300 amplitude and latency. 
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3.4.3.1  Encoding phase. Age effect  
Linear contrasts show that during the encoding phase older participants had more positive 
going P300 amplitude than younger adults over bilateral frontal and central electrodes, 
indicating anterior shift of P300 in older participants: Cz (p = .03), Fz (p = .04), F3 (p = .05), 
and F4 (p = .05). 
Linear contrasts show that older participants have slower P300 latencies compare to younger 
adults over central and bilateral parietal electrodes: Cz (p = 0.01); Pz (p < 0.001); P3 (p < 
0.001) and P4 (p < 0.001).  
3.4.3.2  Encoding phase. Biding cost 
P300 amplitudes for Shape-Colour Binding Condition was more positively going than during 
Shapes Only Condition for both groups over Cz (p = .01), Fz (p = .008), Pz (p = .03), F3 (p 
= .01), and F4 (p = .03).  
During Shape-Colour Binding encoding latency of P300 component was longer, compare to 
Shapes Only, over Pz (p = 0.01); F3 (p = 0.009), F4 (p = .008), and P4 (p = .003) in both 
groups. This reflects engagement of more attention during Shape-Colour Binding Condition.  
3.4.3.3  Retrieval phase. Age effect 
Linear contrasts show that older participants have more positive going P300 amplitudes 
compare to younger adults over Cz (p = .01), Fz (p = .04), F3 (p = .002), and F4 (p = .02). 
Linear contrasts show that older participants have slower P300 latencies compare to those in 
younger adults over Cz (p = .01), Pz (p = .002), P3 (p = .05), and P4 (p = .03). 
Amplitudes of P300 were larger in both conditions during retrieval phase compare to 
encoding phase in older adults compare to younger adults over F3 (p = .05).  Latencies of 
P300 component were longer over all electrodes sites (p < 0.001 for all) for both conditions 
during retrieval phase compare to encoding phase in older adults.  
3.4.3.3  Retrieval phase. Binding Cost 
 
Page 96 of 296 
 
Linear contrasts show that during Shape-Colour Binding Condition P300 had more positive 
going amplitudes compare to Shape Only Condition over Cz (p = .04), Fz (p = .02), F3 (p 
= .003), and F4 (p = .03). 
Linear contrasts show that Shape-Colour Binding Condition has larger P300 latencies 
compare to Shape Only Condition over all electrodes (apart Fz): Cz (p < .001), Pz (p < .001), 
F3 (p = .01), P3 (p = .01), F4  (p = .02) and P4  (p < .001) for both younger and older adults. 
Amplitudes of P300 were larger during Shape-Colour Binding Condition during retrieval 
phase compare to encoding phase in both groups over F3 (p = .05).  Latencies of P300 
component were longer over all electrodes sites (p < 0.001 for all) for both conditions during 
retrieval phase compare to encoding phase in older adults. During Shapes only Condition 
neither amplitudes nor latencies differ during the retrieval phase compare to encoding phase 
between two groups.  
3.5 Discussion 
This experiment investigated electrophysiological differences in younger and older adults 
when performing the TMB task. I aimed to investigate the electrophysiological correlates of 
the TMB in normal ageing. Results showed no behavioural differences for either single 
feature objects or features bindings between younger and older adults. These results support a 
fast growing literature and the results of the experiments reported in Chapter 2, confirming 
that age spares TMB (Allen et al., 2013; Bastin, 2017; Brockmole et al., 2008; Brown & 
Brockmole, 2010; Brown et al., 2017; Hoefeijzers et al., 2017; Isella et al., 2015; Parra et al., 
2009; Rhodes et al., 2017; Rhodes et al., 2015; van Geldorp et al., 2014).  
Novel findings from the present study are that despite no behavioural differences between 
younger and older adult, there were (1) significant electrophysiological differences regardless 
of task condition. That (2) such effects were more prominent during the retrieval phase of 
memory than during encoding and (3) were unlikely due to increased task demands. Finally, 
(4) feature binding was found to be more resource demanding than single feature processing. 
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Insensitivity to normal ageing 
In a situation where older adults did not differ behaviourally from younger adults they did so 
neutrally, whereby they recruited significantly more brain resources as denoted by increased 
ERP amplitudes. Increased activity over all electrodes sites suggests that older participants 
recruit more neural resources to achieve levels of performance similar to those seen in 
younger adults. That was true regardless of task condition suggesting that (1) there are age-
related compensatory processes supporting short-term memory (2) which are not specifically 
necessary to support the condition of the task known to decline rapidly in abnormal ageing 
variants such as AD. This is the first evidence indicating that neither behaviourally nor 
physiologically, binding poses differential demands to older people as compared to single 
feature processing. 
These compensatory changes are in line with the tenet of the Scaffolding Theory of Aging 
and Cognition (Park & Reuter-Lorenz, 2009) which states that in response to behavioural 
ageing, such as decreasing processing speed, lack of inhibitory process, or a decline in 
storage systems, the ageing brain increases prefrontal activation in order to aid successful 
task completion. Such theory rests on abundant evidence from the fMRI literature (Cabeza et 
al., 2002; Rajah & D’Esposito, 2005) which consistently reports neural over-recruitment in 
order adults during cognitive tests where little evidence of age-related decline is found. 
Researchers explain differently this additional prefrontal over-recruitment in older adults. 
Some supports the Scaffolding theory and state that decreased posterior activation and 
increase prefrontal activity aids more efficient task performance (Davis et al., 2008; Reuter-
Lorenz et al., 2000; Cabeza et al., 2002; Missonier et al., 2004; Grady et al., 1995). However, 
the recent fMRI study by Morcom & Henson (2018) challenged the idea of age-related re-
organisation of functional brain networks and applied a novel multivariate Bayesian analysis 
of fMRI data also using a standard univariate analysis. They reported on two experiments 
with long- (LTM) and short-term memory (STM) tasks. During the LTM paradigm, they 
scanned participants during memory encoding (participants paired objects with background 
scenes and then recalled the scene that has been paired with the test object). In the STM 
paradigm participants had to watch moving patterns and the memory load was manipulated 
by increasing number of pattern to be remembered. Participants were scanned while recalling 
the direction of motion after a brief delay. They first used standard univariate analysis and 
compared the activity level in the PFC and in the posterior visual cortex (PVC) during the 
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performance both STM and LTM experiments. Then they applied a multivariate Bayesian 
analysis to show if the increased activity in PFC contributes to memory performance. The 
authors showed additional activation of the prefrontal areas, however, they stressed that this 
does not mean up-regulation and that this activation did not carry additional information. On 
the contrary, they showed decreased response in long-term memory (LTM) and increased 
activity in STM. The researchers interpreted their findings postulating that with age the 
neural responses become less efficient and less specific and the activity in the prefrontal 
cortex becomes more task-dependent. They proposed that their findings better support the 
view of cognitive ageing, whereby intact cognitive function is supported by effective 
maintenance of a youth-like brain (Nyberg et al, 2012). Even though Morcom and Henson 
(2018) provided evidence against the Scaffolding theory, they indicated that the task-based 
network organisation still occurred in the prefrontal cortex. Whether it is occurred due to 
reserve (Stern, 2002; Barulli & Stern, 2013), maintenance (Nyberg et al, 2012) or adaptive 
response (Park & Reuter-Lorenz, 2009) is a subject of a large debate and remains unclear, but 
it adds weight to the hypothesis that the network reorganisation in successful ageing is 
happening in the prefrontal cortex.    
Interestingly, in the current experiment stronger effects of Group and Condition were found 
in the Retrieval Phase than in the Encoding Phase. This suggests that encoding and storage 
information is not more recourse demanding for older adults compare to younger adults.  
Separate analysis of the P300 component confirms that Retrieval Phase is more attention 
demanding: larger amplitudes in frontal electrodes bilaterally that relates to enhanced 
engagement of attention in change detection. Older adults compared to younger adults had 
delayed P300 latencies at parietal sites and increased bilateral frontal amplitudes that can be 
interpreted as a compensatory function as a reaction on a task load and evidence of cognitive 
slowness (Grady et al., 1995; Missonier et al., 2004; Tays et al., 2008) due to posterior neural 
decrements. Other studies have also found decrease posterior activation, however, associated 
with optimal performance, but only when it was paired with bilateral frontal activation (Davis 
et al., 2008; Cabeza et al., 1997). 
Previous studies investigating binding in AD also using EEG based methods have confirmed 
that poor performance in these patients is accounted for that inefficient encoding mechanism 
(Parra et al., 2017; Pietto et a., 2016, see also fMRI study by Sperling et al., 2003). The data 
suggest that older adults encoding abilities are more preserved that their retrieval functions. It 
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could be due to the fact that retrieval process is more prone to vulnerability to interference 
leading to greater cognitive efforts, less active recollection with a greater reliance on 
familiarity what may recruit more cortical resources.  
Recent EEG studies suggest TMB impairments in variants of abnormal ageing such as AD 
are accounted for by limitations during encoding (Parra et al., 2017; Pietto et al., 2016). The 
data presented here suggest that age would not be a factor accounting for such AD-related 
effects. Older adults’ performance was near ceiling thus suggesting that only healthy older 
adults could achieve such level of performance. Resilience to the age effect of the task can 
provide a baseline for the performance and cut-off to determine cognitive impairment. 
Therefore, should there be a fundamental impairment on TMB performance this would likely 
signal cognitive deterioration. AD markers which are not affected by the normal course of 
ageing are highly needed. Here the results provide behavioral and biological evidence 
supporting the lack of sensitivity of TMB to normal ageing and revealing for the first time the 
neural underpinning of this.  
Binding Cost. 
Significant effect of condition was observed during late encoding and throughout retrieval 
(Binding > Shape). This was true regardless of age. Hence, processing in STM feature 
bindings does indeed require more neural resources that processing single features, as shown 
previously using fMRI (Parra et al., 2014). This is interesting as a more neurally challenging 
task skips the effects of ageing regardless of the task difficulty. Globally reorganised 
functions supporting STM performance in older age are sufficient to boost this ability of 
maintaining a high level of performance even during demanding tasks. It will be useful to 
investigate why and for how long age spares such low-level binding functions necessary to 
form objects’ identity. 
Affordable Biomarkers 
Developing effective and affordable biomarkers is critical. EEG methods offer promising 
alternatives to expensive and invasive functional imaging and CSF biomarkers techniques 
due to their low cost, portability and growing reliability. Compared to studies with high-
density arrays of electrodes (Misionnier et al., 2004; Parra et al., 2012; Saliasi et al., 2013) 
low-density ERP recording of the current study showed comparable quality of the 
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electrocortical source signal from the performance on the TMB task. This portability can be 
useful in clinical setting (Mihajlovic et al., 2015) and for researcher and developers who are 
interested in implementing mobile brain imaging.   
In the current study I used EEG equipment that was developed to investigate the P300 and to 
this aim, it has a fixed arrange of sensors which does not include occipital-temporal 
electrodes. However, my hypotheses concerned frontal lobe compensation in older adults and 
due to the portability of the device I decided to use it for the present study. Future studies also 
using low-density portable devices which are more flexible in terms of sensors location 
should investigate whether my findings can be generalized to other brain regions. 
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Chapter IV 
Temporary binding is impaired in dementia of the 
Alzheimer’s type but not in Parkinson’s dementia 
4.1 Introduction 
Evidence summarised in Chapter I, suggests that TMB is sensitive to Alzheimer’s 
Disease (AD) (Parra et al., 2009) and even reliably detects otherwise asymptomatic 
carriers of the Presenil-1 gene mutation E280A that leads to familial AD (Parra et al., 
2010b) and amnestic Mild Cognitive Impairment (aMCI) patients who are at a high risk 
of conversion to dementia (Koppara et al., 2014)). The test is not affected by the healthy 
ageing as I have showed in Experiment one and by how it was showed in previous 
studies (Rhodes et al., 2017, 2016; Isella et.al., 2015; Parra et al., 2009; Brockmole et al., 
2008), by repeated testing (Logie et al., 2009), level of education (Parra et al., 2011), or 
by different socio-cultural backgrounds (Della Sala et al., 2016). It is also not impaired 
by chronic depression (Parra et al., 2010a). Due to these properties, the TMB test has 
been proposed as a cognitive marker for AD (Logie et al., 2015; Dubois et al., 2016; 
Costa et al., 2017).  
There is however still rather limited research confirming the specificity of the TMB test 
to AD relative to other dementias. Della Sala et al. (2012) compared the performance of 
AD patients with that of patients suffering from other types of dementia such as 
frontotemporal dementia, vascular dementia, Lewy body dementia and dementia in 
Parkinson’s disease (PD). In this study participants were assessed using free recall 
paradigm in which participants are required to verbally recall objects (common objects 
like apple, bed, etc.) and colours (common colours, i.e. red, blue, etc.) individually or in 
combinations. Healthy participants were presented with a larger array of items than 
patients in order to rule out the effect of difficulty on the performance and keep 
performance far from ceiling effect for elderly participants and from floor effect for 
patients. Only AD patients showed significant deficits in recalling object-colours 
bindings. Short-term memory binding task was unaffected by non-AD dementias. This 
was the first study that would document specificity of the test to the AD pathology.  
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Such findings have been recently replicated in a new sample of behavioural variant of 
Fronto-temporal dementia (bvFTD) (Cecchini et al., 2017). This study was also using a 
free recall paradigm, however, compared to the previous study, they kept the level of 
difficulty similar across groups. They confirmed that free recall paradigm of the TMB 
task is sensitive and specific to AD dementia. 
In these earlier studies, TMB was assessed using a free recall paradigm, and participants 
performed tasks with different set sizes allowing the titration of the cognitive demand of 
the task to keep performance level at baseline conditions similar across groups.  
To uphold such a claim, we need to demonstrate that TMB assessed by other means (e.g., 
via recognition tests such as the change detection task (Parra et al., 2010a)), retains the 
same specificity thus confirming that is the function and not the testing procedure that is 
sensitive to AD.  
Recall vs recognition  
As I mentioned, the earlier studies with TMB tasks relied on different retrieval 
mechanisms (i.e. recall). Recall and recognition represent two different systems that rely 
on different structures and brain network. Recall has been shown to rely on hippocampus 
and is associated with metabolic rate (Zimmerman et al., 2008; Sarazin et al., 2010). 
Maintenance of retrieval is dependent on the ventral visual stream (Staresina & Davachi 
et al., 2010; Parra et al., 2014) and also may rely on the functioning of the perirhinal 
cortex (Staresina & Davachi et al., 2010; Tyler et al., 2013; Watson & Lee, 2013; Clarke 
& Tyler, 2014) and entorhinal cortex (Yonekinas et al., 2007). The evidence is that 
parahippocampal functions are affected earlier in the demented process than hippocampal 
formations (Didic et al., 2011) that pointed to the fact that recall is affected later than 
recognition. In addition to that, hippocampus is affected by ageing (Balota et al., 2000; 
Mitchell et al., 2000), therefore impairment in a recall paradigm is present in healthy 
cognitive ageing [see Danckert & Craik, 2013]. Recall paradigm is also affected by 
education level and gender (Grober et al., 1998; Frasson et al., 2011) and therefore can 
hamper to see the genuine effect of pathological cognitive decline and will be affected by 
socioeconomic status.    
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The present study addresses the issue of whether TMB is preserved in PD with and 
without dementia, when the assessment procedure involves recognition and all the 
participants are tested with the same memory load (i.e., same set size). We were 
interested in investigating if under such experimental conditions the reported specificity 
of TMB for AD would be upheld.  
Parkinson’s disease 
Although PD is mostly characterised primarily as a movement disorder, a large body of 
evidence now reports the presence of accompanying non-motor symptoms. Progressive 
cognitive impairment is recognised as one of the non-motor symptoms and a high 
proportion of patients with PD will develop MCI and dementia. Cognitive dysfunction 
that patients with PD experienced reflects subcortical syndrome, often termed “executive 
functions”. These include problems with working memory (Gabrieli et al., 1996; Dubois 
& Pillon, 1997; Beato et al., 2008), procedural learning (Koenig et al., 1999), and 
attentional shifting (Moustafa et al., 2008) as well as visuospatial deficits (Bradley et al., 
1989; Owen et al., 1993; Crucian et al., 2003; Bronnick K. , et al., 2006; Sell al, 2006). 
Other non-motor symptoms of PD include behavioural impairment such as apathy, mood 
disturbances, hallucinations, delusions, and excessive daytime sleepiness (Emre et al., 
2007). 
Throughout the literature, the most commonly reported impairments in PD are those of 
executive functioning and working memory, however PD patients have been shown to 
have specific deficits in verbal and visuospatial working memory (Morris et al., 1988; 
Gabrielli et al., 1996). More specifically, Possin et al. (2008) showed that PD patients 
have deficit in visual-object and visual-spatial WM. Weintraub et al. (2011; 2012) in a 
series of experiments showed that patients with PD exhibit a pattern of brain atrophy 
similar to those in AD patients, which includes volume loss in the hippocampus, and this 
atrophy predicts global cognitive decline at 2-year follow up. Other neuroimaging studies 
reinforced this finding and showed that medial temporal lobe atrophy is associated with 
memory decline in PD patients and present in PD-MCI and PD with dementia (Beyer et 
al., 2013; Bruck et al., 2004).  
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Associative memory in Parkinson’s disease 
There is no clear evidence whether recognition is or not impaired in PD. While EF is a 
main cognitive substrate for cognitive impairment in PD, it can influence memory 
problems. Like that, dysfunction during encoding (generation and elaboration of 
strategies) and retrieval (search strategies and post-retrieval monitoring) is at least in part 
accounted for by executive deficit. Impaired free recall and intact recognition memory 
suggest difficulties with executive control of retrieval process (Cohn et al., 2016). Some 
studies have reported preserved recognition in PD (Flowers et al., 1984) regardless of the 
presence of medication. This study, however, reported ceiling and floor effects on 
recognition tasks that may have prevented finding significant differences between 
patients group and control participants. In this study patients with PD were without 
cognitive impairment. This is a common pattern of impairment in patients with PD: 
impaired free recall and reserved recognition, however, all these studies did not recruit 
patients with MCI and dementia that, as I pointed out earlier, share neuro-pathological 
substrate with AD (i.e MTL atrophy).    
Higginson et al. (2005) aimed to address the question of if the recognition memory 
deficit was evident in Parkinson’s dementia compared to patients without dementia. They 
reported impaired recognition in PD regardless of whether patients had dementia or not. 
Whittington et al (2000) in his meta-analysis of 39 studies included patients with PD with 
and without dementia found that PD patients with dementia demonstrate impaired 
recognition. PD patients without dementia had much smaller recognition deficit.  
Hence, such evidence warrants investigation of TMB using a recognition paradigm. 
Moreover, titration is a procedure difficult to undertake in clinical settings (Della Sala et 
al., 2016) therefore here we test our Flash-cards with two items per trial for both our 
patient groups and healthy controls.  
4.2 Methods 
4.2.1 Participants 
For this experiment all participants were collected from different clinics in Moscow, 
Russia. I myself collected healthy controls and trained the other two researchers on how 
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to use the Flash-cards and the scoring system. N.T is a Neurologist who is specialising in 
Parkinson’s disease. She helped in collecting patients with Parkinson’s disease. M.G. is a 
Psychiatrist and the head of a private clinic for patients with AD. She helped in recruiting 
patients with aMCI and AD.  
PD was diagnosed by a neurologist (N.T.) with expertise in movement disorders and 
familiar with the widely used Queen Square Brain Bank criteria for PD (Hudges et al., 
2002; Berardelli et.al., 2013) The diagnosis was based on the presence of at least two of 
the following symptoms: a) resting tremor; b) bradykinesia; 3) rigidity, the absence of 
atypical symptoms and positive response to dopaminergic medication. The duration of 
illness prior to participation was on average 5.97 years (SD=3.53). Two patients were 
classified as tremor-dominant, 6 were akinetic-rigid, and 25 were mixed (tremor and 
akinetic-rigid) (Kang et al., 2005). Twenty-eight patients were treated with their normal 
regimen of dopaminergic medication and 5 were without any medication at the time of 
testing. None of the patients were taking antipsychotic or antidepressant medications.  
PD patients were subdivided into those with no cognitive impairment (N= 11) and those 
with mild cognitive impairments (PD-MCI, N=14 (Winblad et al., 2004)) or dementia 
(N=8; PDD (Jessen et al., 2014), total N = 22). PD-MCI and PDD were diagnosed by a 
certified neurologist (N.T.) with experience in PD and cognitive disorders, based on the 
clinical interview of the patients and their examination, and in accordance to the MDS 
(Movement Disorder Society) Task Force recommendations (Litvan et al., 2012; Berg et 
al., 2015). In addition, as cognitive screening for PD-MCI we used the MoCA cut-off of 
26, a MMSE score ≥ 24 and minimal or no impairment in IADL. For PDD the criteria 
were: MoCA cut-off = 24, MMSE score ≤ 24 and presence of IADL impairments that 
would interfere with everyday functional activities. The 1-year rule was applied, i.e., 
PDD was diagnosed only if the dementia process started at least one year after the onset 
of Parkinson’s disease (Aarsland et al., 2017). 
Patients with amnestic MCI likely due to AD (aMCI, N = 8) and patients with mild AD 
dementia (mild-AD, N= 18) were diagnosed by an old age psychiatrist (M.G.) according 
to the National Institute of Neurological and Communicative Disorders and Stroke–
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) (Albert et 
al., 2011). Exclusion criterion for all participants was the presence of any concomitant 
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brain disorder (head injury, tumour or any other neurological or psychiatric disorders). In 
addition, participants were not recruited for the study if they had a problem with colour 
vision or failed a perceptual binding test used as a screening tool (Parra et al., 2010). 
Control participants were screened for history of significant neurological disease, serious 
psychiatric disorder, and substance abuse. Control participants were selected so they 
would not differ from the patients groups in terms of average age and education. They 
were not recruited into the study if they scored 24 or less on the Montreal Cognitive 
Assessment (MoCA) (Folstein et al., 1975) or 25 or less on the Mini Mental State 
Examination (MMSE) (Nasreddine et al., 2005). 
Informed consent was obtained from all control participants and PD patients with no 
cognitive impairment; PD-MCI, PDD, aMCI and mild-AD patients gave their informed 
consent together with their caregivers. The study was approved by the National Health 
Services (NHS-MREC) and Lothian REC (MREC Ref. 06/MRE07/40; Lothian R&D Ref. 
2006/P/PSY/22). 
4.2.2 Procedures 
4.2.2.1 Background Neuropsychological tests 
All participants underwent a neuropsychological evaluation. Cognitive measures 
included: MMSE and MoCA. Functional abilities were assessed with the Lawton 
Instrumental Activities of Daily Living (IADL) (Lawton et al., 1969).  
4.2.2.2 Flash-Card Version of the Temporary Memory Binding  
The flash-card version of the task is the one that is described in Sections 2.1.3 and 2.2.3.   
We additionally timed our participants using the iPhone’s stopwatch: a separate time was 
collected for each condition (Shapes Only and Shape-Colour Binding) and the total time 
that it took to complete two conditions.   
4.3 Analyses 
The data were analysed using R-Studio (version 3.2.2) package “psych” (Revelle et al., 
2017) by means of mixed ANOVAs (4 Groups x 2 Conditions) to determine whether 
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performance on the TMB task revealed a group by condition interaction informing on 
specific TMB impairments in a given group. As a between subject factor we entered 
patients groups and healthy controls; the within subject factor were the two experimental 
conditions (Shape Only and Shape-Colour Binding) with interaction terms between these 
variables. The effect size was calculated using eta-squared (ƞ2).  
A Receiver-operating curve (ROC) analysis was performed to establish the cut-off scores 
of the Shape Only and Shape-Colour Binding Conditions and their sensitivity and 
specificity to correctly differentiate AD patients from PD patients with and without 
cognitive impairment, as well as from controls. The AUC, sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), and per cent correctly 
diagnosed were calculated for each condition. The optimal screening cut-off point was 
defined as the lowest value that achieved >80% sensitivity and NPV; the optimal 
diagnostic cut-off point was defined as the highest value that achieved >80% specificity 
and PPV. The analysis was carried using the “pROC” package for R (Robin et al., 2011). 
4.4 Results 
Five groups of patients and a group of healthy volunteers acting as a control group were 
recruited for the study. The demographic, global cognitive, and functional measures of 
the four groups of participants are summarized in Table 4.0. Performance on the TMB 
task by these groups is shown in the Table 4.1. 
 As the number of PD patients with cognitive impairment and patients with aMCI and 
mild-AD is rather small, in order to boost power calculation, we decided to combine PD 
with MCI and PD with dementia in one group PD-MCI+PDD and aMCI and mild-AD in 
one group and therefore have 4 groups of patients (Healthy controls, PD with unimpaired 
cognition, PD-MCI+PDD, and aMCI+mild-AD). The demographic, global cognitive, and 
functional measures of the four groups of participants are summarized in Table 4.2. One-
way ANOVA (with Bonferroni-corrected alpha to 0.01) revealed no significant 
difference in age or years of formal education across the groups (see Table 4.2). 
Results of the neuropsychological assessment are shown in Table 4.2. Post hoc contrasts 
revealed that PD with normal cognition did not differ from the control groups in their 
performance on MMSE, MoCA and IADL scales. Performance on the MoCA, MMSE 
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and Lawton tests did not differ between aMCI+mild-AD and PD-MCI+PDD, however 
these two groups performed significantly worse than healthy controls and PD with 
normal cognition in all tests. The PD-MCI+PDD patients scored higher than the controls 
and aMCI+mild-AD on the Geriatric Depression Scale (GDS 15) (Sheikh et al., 1986). 
 
 








PD (normal cognition) 






 (n = 8) 
mild-AD  
(n =18) 
  Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range 
Age 69.88 (8.48) 59-91 68.27 (8.45) 58-86 69.64 (7.53) 56-80 69.33 (12.06) 54-85 69.88 (8.06) 55-80 73.06 (8.62) 54-88 
% Male 34 - 36 - 50 - 75 - 25 - 27 - 
Education 14.31 (2.82) 10-20  16.09 (1.76) 10-19 14.82 (2.84) 14-20 15.56 (3.09) 10-19 15.50 (1.41) 13-18 14.56 (3.33) 8-20 
MoCA 25.91 (2.05) 22-30 26.36 (1.86) 23-30 23.79 (1.58) 20-26 18.11 (2.26) 14-21 25.75 (2.19) 21-28 17.89 (2.63) 12-22 
MMSE 27.51 (1.56) 24-30 27.43 (1.40) 25-29 24.79 (2.29) 21-29 23.33 (3.50) 16-27 24.75 (1.39) 22-27 21.28 (3.81) 16-27 
IADL 43.60 (1.87) 39-45 43.1 (2.07) 39-45 40.29 (2.12) 35-45 35.22 (2.57) 30-39 44 (1.93) 42-45 37.83 (5.83) 28-45 
GDS15 3.44 (3.03) 0-13 5.55 (2.98) 0-11 5.79 (3.14) 1-11 7.38 (4.78) 1-15 2.88 (1.96) 1-7 3 (1.46) 0-7 
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Table 4.1 Mean proportion of correct recognition on the TMB Conditions by the six groups. 
  Shape Only Range Shape-Colour Binding Range 
Controls 0.96 (0.05) 0.84-1.00 0.91 (0.08) 0.75-1.00  
PD (normal cognition) 0.97 (0.04) 0.90-1.00  0.91 (0.06) 0.81-1.00  
PD-MCI 0.94 (0.04) 0.87-0.97  0.85 (0.10) 0.62-0.97  
PDD 0.89 (0.09) 0.75-0.97  0.80 (0.15) 0.59-1.00  
aMCI 0.86 (0.14) 0.62-1.00  0.73 (0.09) 0.59-1.00  
mild-AD  0.81 (0.16) 0.53-1.00  0.61 (0.13) 0.37-0.84  
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Table 4.2 Demographic, global cognitive and functional measures of the four groups of participants 
 Controls 
(n =32) 
PD (normal cognition) 




 (n =26) ANOVA 
  Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range F(df) p-value 
Age 69.34 (8.30) 59-91 68.27 (8.45) 58-86 69.68 (9.48) 54-85 72.08 (8.42) 54-88 1.19 (3, 87) 0.17 
%Male 35 - 36 - 59 - 73 - 0.028 (1,89) 0.86 
Education 14.36 (2.82) 10-20  16.09 (1.76) 14-19 15.16 (2.95) 10-20 14.85 (2.88) 8-20 0.19 (3, 87) 0.66 
GDS 3.44 (3.03) 0-13 5.55 (2.98) 0-11 6.36 (3.79) 1-15 2.96 (1.59) 0-7 7.12(3,87) <0.01 
MoCA 26.00 (2.05) 22-30 26.36 (1.86) 23-30 21.73 (3.35) 14-26 20.31 (4.44) 12-28 56.99 (3, 87) <0.01 
MMSE 27.70 (1.40) 25-30 27.82 (1.47) 25-29 24.59 (2.32) 16-29 22.35 (3.71) 16-27 79.21 (3, 87) <0.01 
IADL 43.61 (1.89) 39-45 43.27 (2.15) 39-45 38.28 (3.59) 30-45 39.73 (5.71) 28-45 21.93 (3, 87) <0.01 
Abbreviations: GDS15, Geriatric Depression Scale; MMSE, Mini Mental State Examination; MoCA, Montreal Cognitive Assessment; IADL, Lawton 
Instrumental Activities of Daily Living. 
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The mean performance on the Shape Only and Shape-Colour Binding Conditions of the 
TMB task for the 4 groups is shown in Table 4.3. There was a significant main effect of 
Group [F(1, 84) = 44.25, p <0.001, ƞ2= 0.38], Condition, [F(1, 84) = 47.25, p <0.001, 
ƞ2=0.12], and a significant interaction between Group and Condition, [F(1, 84) = 5.023, p 
= 0.002, ƞ2=0.04].  
Eight post-hoc contrasts were carried out to check the performance of the four groups on 
the two conditions (alpha corrected 0.05/8 = 0.006). Only aMCI+mild-AD patients 
performed worse than controls (Shapes Only: MD =0.13, p<0.001 and Shape-Colour 
Binding: MD = 0.13, p<0.001) and both PD patient groups on both conditions of the 
TMB task (Shapes Only: aMCI+mild-AD vs PD normal cognition: MD = 0.14, p<0.001; 
aMCI+mild-AD vs PD normal cognition: MD = 0.10, p<0.001; and Shape-Colour 
Binding: aMCI+mild-AD vs PD normal cognition: MD = 0.14, p<0.001; aMCI+mild-AD 
vs PD normal cognition: MD = 0.10, p<0.001). There was no significant difference 
between both PD patient groups and controls on their performance on Shape Only and 
Shape-Colour Binding Conditions.   
Table 4.3 Mean proportion of correct recognition on the Shape Only and Shape-Colour 
Binding Conditions of the TMB task by the four groups. 
 Shape Only Range Shape-Colour Binding Range 
Controls 0.96 (0.05) 0.84-1.00 0.92 (0.08) 0.75-1.00 
 
PD (normal cognition)  
0.97 (0.04) 0.90-1.00 0.91 (0.06) 0.81-1.00 











The mean time to complete the Shape Only Condition was significantly different across 
groups [F (1.89) = 53.75, p < 0.001]: Controls M = 2.11 (0.33) min., PD (normal 
cognition) M = 2.22 (0.25) min., PD-MCI+PDD M = 2.77 (0.79) min., aMCI+mild-AD 
M = 3.09 (0.60) min. Performance of PD-MCI+PDD and aMCI+mild-AD was 
significantly slower than Controls (p < 0.001). aMCI+mild-AD completed the Condition 
significantly slower than PD (normal cognition) (p<0.001), but not PD-MCI+PDD (p = 
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0.25). Performance of PD-MCI+PDD group and PD (normal cognition) did not differ  (p 
= 0.047).  
Table 4.4 shows the outcome from the ROC analyses for aMCI+mild-AD and PD-
MCI+PDD when performance on the Shape-Colour Binding Condition and Shape Only 
was used. AUC for aMCI+mild-AD is > 90% (with the cut-off point at 0.83), suggesting 
that the Shape-colour Binding Condition discriminates mild-AD from controls. The 
Shape-Colour Binding Condition discriminates between aMCI+mild-AD and PD-
MCI+PDD patients (AUC is 90.2% when the cut-off point is 0.70). Low discrimination 
accuracy was found between PD-MCI+PDD patients and the control group (AUC is 71.2% 
with the cut-off point of 0.89). The ROC analysis for Shape Only Condition showed a 
moderate accuracy to discriminate between aMCI+mild-AD and controls (AUC=82.7 % 
and the cut-off point at 0.96), and it is low between PD-MCI+PDD patients and controls 
(65.9%, the cut-off point is 0.95), and between aMCI+mild-AD and PD-MCI+PDD 
(AUC= 63.8 %, the cut-off point is 0.92). It should be noted that the sensitivity for the 
Shape Only Condition in all contrasts was low (less than 69 %). 
 
Table 4.4 ROC analyses for the Shape-Colour Binding and the Shape Only Conditions. 
Shape-Colour Binding cut-off AUC sensitivity specificity ppv  npv 
Controls vs aMCI+mild-AD 0.83 97.8 0.88 0.87 0.80 0.93 
Controls vs PD-MCI+PDD 0.89 71.2 0.62 0.65 0.31 0.87 
aMCI+mild-AD vs PD-MCI+PDD 0.70 90.2 0.83 0.87 0.93 0.70 
 
Shape Only cut-off  AUC  sensitivity specificity ppv npv 
Controls vs aMCI+mild-AD 0.96 82.7 0.78 0.68 0.58 0.85 
Controls vs PD-MCI+PDD 0.95 65.9 0.75 0.68 0.37 0.91 
aMCI+mild-AD vs PD-MCI+PDD 0.92 63.8 0.66 0.50 0.75 0.40 
Abbreviations: AUC - Area under the curve, PPV – positive predictive value, NPV – negative predictive value!
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4.5 Discussion 
This experiment was set out to investigate whether TMB is affected by PD when the 
assessment procedure involves recognition and no titration procedures. Moreover, it 
investigated if TMB differentiates between AD and PDD using a clinically suitable version of 
the task based on Flash-cards. The results show that only patients with AD present with 
impaired performance on the TMB task. Compared to either cognitively healthy elderly 
individuals or PD patients with normal cognition, patients with PDD did not show 
impairment on the TMB. This finding supports the findings of previous studies showing a 
specific TMB deficit in AD compared to healthy elderly individuals and other types of 
dementias (Della Sala et al., 2012; Cecchini et al., 2017) and also patients with depression 
(Parra et al., 2010). ROC analyses confirmed that the Shape-Colour Binding Condition 
yielded the best discrimination between AD patients, controls and patients with PD.  
Compared to the study of Della Sala et al., 2012, whose subjects had mild and moderate 
stages of AD dementias and mild and moderated stages of non-AD dementias, in this 
experiment we were using aMCI and AD patients with mild stage of severity. The experiment 
is therefore reinforcing the fact that binding deficit occurs early in preclinical AD and can 
distinguish even between mild forms of other dementias from AD.  
Earlier studies demonstrating the specificity of binding deficits in AD compared to other 
dementia (Della Sala et al., 2012; Cecchini et al., 2017) used a free recall paradigm and did 
not consider the cognitive continuum of PD from normal to dementia. Therefore, the current 
experiment provides novel evidence on (1) preserved TMB functions along the continuum of 
PD, (2) that such preserved function is task-independent, and (3) that a clinically friendly 
version of the TMB task can aid in the differential diagnosis between AD and PDD. 
It is worth noting that the PD-MCI+PDD sample also had mild clinical depression as 
indicated by the GDS scores. This would make the diagnosis of these individuals more 
challenging as both depression and PD can cause cognitive decline. Our results show that the 
TMB task holds specificity for AD under these conditions, making the test a suitable marker 
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4.5.1 Preserved TMB function in PD is task-independent 
This is an important finding, especially if we consider that earlier studies have shown 
discrepant findings in PD samples during assessments of similar cognitive constructs using 
different tasks (Flowers et al., 1984; Higginson et al., 2005). In the context of TMB, the 
current experiments have shown that in cases of AD the specific binding impairments are 
found regardless of the task used (i.e., verbal free recall (Parra et al., 2009; Della Sala et al., 
2012; Cecchini et al., 2017) or visual recognition (Dalla Sala et al., 2016; Parra et al., 2010a; 
2010b)). The outcomes of the present experiment demonstrate that the lack of such 
impairments in PD is also task-independent (i.e., verbal recall, or visual recognition as shown 
here). Such evidence confirms that TMB is affected by AD and not by other 
neurodegenerative diseases. In addition, in the current experiment the TMB task was 
presented on the clinically and user-friendly Flash-cards. There is evidence that populations 
with low literacy or poor cultural backgrounds find verbal recall tasks more challenging than 
visual recognition tasks (Boivin et al., 2010). For instance, the Free and Cued Selective 
Reminding Test has been produced in “Word” and “Picture” versions and while both versions 
have been shown to be sensitive to AD the visual version yields higher scores than the verbal 
version (Delgado et al., 2016). That is not an issue with the TMB task.  
It should be noted that one person from the PD-MCI and two patients form the PDD group 
showed a deficit on the task, even though the group as a whole did not differ in the 
comparison of means from the controls. I would like to stress that the findings are robust 
regardless of the presence of these three impaired patients as the PD with cognitive 
impairment as a group performed as well as the control group. An account for these outliers’ 
performance could be traced back to the fact that a task can be failed for many different 
reasons. Parkinson’s disease could give rise to a gamut of cognitive symptoms, including 
disturbances in attention, motivation, accessing and manipulating knowledge and 
psychomotor slowness (Cummings & Benson, 1984); the presence of any of these symptom 
may have affected performance, independently of the main cognitive function tested.   
Finally, some limitations should be noted to this experiment. The sample of the current study 
was rather small; we combined MCI and patients with dementia to boost power of our 
analyses, thus limiting the generalization of the results.  
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Chapter V    
Discussion of the part on the development of a new 
version of the TMB test 
The TMB test is an ideal cognitive test to aid the diagnosis of AD: it has proved to be a 
sensitive and specific test for AD (Parra et al., 2010), it is not affected by healthy ageing 
(Rhodes et al., 2017, 2016; Isella et.al., 2015; Parra et al., 2009; Brockmole et al., 2008) and 
chronic depression (Parra et al., 2010a). The TMB test was initially designed as a computer 
version. This mean of test presentation offers a number of advantages: 1) standartisation of 
the testing environment; 2) automatic randomisation of the stimuli; 3) easy automatic scoring; 
3) reduction of the testing bias. Despite all these benefits, there are also some drawbacks. 
This touches on characteristics of the testing population that TMB task has been designed: 
frail elderly and patients with dementia that may impede the assessment completed on the 
computer. Older people and patients with dementia that have little computer experience 
might have more difficulty responding to the test, resulting in jeopardised results. In addition, 
computerised tests are difficult to use in the remote areas when there is a need in testing at 
home. There is also a need in more affordable testing forms. The aim of this first part of the 
study was to address all these disadvantages of the computer test presentation and create a 
mobile and more clinically and user -friendly version of the TMB test. 
5.1 A new version of the test.  
I created a Flash-Card version of the test. The other alternative version of the test was 
presented in the form of the Tablet PC. The first series of experiments (Experiments 1-6 and 
additional analysis) reported in this thesis was dedicated to compare these three formats. The 
aim was to demonstrate that the scores derived from the computerised version of the test, the 
Flash Cards and the Tablet PC version of the test do not differ.  
When performing the experiments, older participants noticed that they completely understood 
the procedures of the Flash-Cards and Tablet PC versions only sometime after the starting of 
the test. The problem was in the method of delivery of the instructions. For Flash-Cards the 
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instructions were only oral. For Tablet PC all instructions were given on the screen before all 
conditions. Therefore, by the time of testing with the Shape-Colour Condition they had 
already forgotten the instructions. To counter these problems, a set of the “run-in cards” was 
created. These cards are explanatory A4 format cards presenting conditions: Perceptual, 
Shape Only and Shape-Colour Binding. Before each condition these cards were shown to the 
participant with a verbal explanation for each Condition. If the participant confirmed that he 
or she understood the instructions, the proper test with the Flash-cards would follow. This 
method allowed us to eliminate all errors that were due to misunderstanding of the 
instructions.  
There were several further modifications to the test presentation from the standard PC version 
to the more clinically oriented version that I have proposed in my experiments: on the Flash-
Cards and Tablet PC version all participants were presented only with two items. On previous 
experiments (Parra et al., 2009) patients were assessed with two items per Conditions, 
whereas healthy elderly participants were given three items per Condition. The number of 
items in the previous experiments was titrated in order to avoid an unwanted ceiling effect by 
older participants. This is a valid procedure in the laboratory settings; however, in the clinical 
practice it could be challenging and time consuming. Therefore, our clinically versions of the 
test are presented with the fixed number of items.  
The other difference is the method of testing: previous studies have been using a free recall 
paradigm, on the Flash-Cards we employed a recognition test. This was dictated by the fact 
that recall and recognition are function of different brain systems. If free recall relies mostly 
on hippocampus, recognition tasks would depend on parahippocampal areas that are known 
to be affected earlier in the course of the disease (Didic et al., 2011).  
There was no difference in performance between the PC, Flash-Cards, and Tablet versions. 
The new modes of the test presentation replicated the ceiling effect of the visual recognition 
of the Computer PC form of the TMB test. It shows the high degree of scores overlapping 
between different testing methods therefore it shows good comparability of all three methods 
of testing. In addition, frail older participants noted that they preferred a paper format of the 
task, as they felt less confident using computers.   
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5.2 Age effect 
This series of experiments have confirmed that there is no age effect, replicating previous 
studies (Rhodes et al., 2017, 2016; Isella et.al., 2015; Parra et al., 2009; Brockmole et al., 
2008). Healthy older adults performed as well as younger adults on the recognition version of 
the TMB task. Given that one of the aims of the thesis is to show an early cognitive marker 
for AD, this is necessary to show that the proposed recognition paradigm is unaffected by age 
in order to serve as a baseline performance on the Flash-Cards and Tablet PC to measure AD 
performance. Older adults performed at ceiling on the task which therefore creates a perfect 
baseline condition for testing patients with cognitive impairment as performance off ceiling 
would indicate abnormality.   
5.3 ERP correlates with TMB 
Having confirmed that there is no age effect during the performance on the TMB task, my 
next aim was to address the question about what is the neurological reason for older adults to 
perform as well as younger participants. According to the Scaffolding Theory of Age (Park & 
Reuter-Lorenz, 2009) older adults recruit more brain areas when confronted with difficult and 
complex tasks. The aim of the experiment was to see if this held true for TMB task.  
Compared to other neuroimaging methods (PET, MRI, fMRI), electroencephalography (EEG) 
is a low-cost procedure that provides highly sensitive measures of cognitive functions. In my 
Experiment 8, I have used a mobile low-density EEG system. The main advantage of this 
system is its mobility and user-friendliness which is important in clinical setting and in 
research with frail older participants. EEG was reordered from the COGNITION® Headset 
(Neuronetrix) 7 electrodes system (Fz, Cz, Pz, F3, P3, F4, P4). Compare to the standard 
laboratory EEG recorders that contain 64 to 128 electrodes, the low-density layout (7 
electrodes) recording can pose some questions on if it is enough to adequately detect and 
assess cortical activity during the performance on the task. TMB task relates to the activity in 
the frontal and parietal areas of the brain (Parra et al., 2014). These regions engage when 
attention is required into encoding and maintaining feature representation (Parra et al., 2012; 
Parra et al., 2014). In addition, P300 wave that is shown to be altered in AD and proposed to 
be a potential biomarker for early detection of cognitive deterioration is more prominent in 
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central parietal and frontal regions (Parra et al., 2012; Parra et al., 2013). Therefore, our 7 
electrodes set-up is sufficient for the research aims we were pursuing.   
The results of the study confirmed that there are no behavioural differences in performance 
between older and younger adults, both groups perform equally well on the task. 
Electrophysiologically, however, a difference emerged. Increased activity over all electrodes 
sites suggests that older participants recruited more neural resources to achieve levels of 
performance similar to those observed in younger adults. This complies with the Scaffolding 
theory: neural over-recruitment of prefrontal areas in order adults during cognitive tests 
where little evidence of age-related decline is found.  
The initial computerised TMB task and the Flash-Card version of the task identical in the 
number of trials per condition. In the ERP experiment, TMB task presents 100 trials per 
condition. Despite this, the behavioural results that we obtained are comparable with the task 
with fewer trials and thus granting reliability (internal validity) of this version of the task.  
5.4 TMB specificity to AD 
In order to be conceived as a marker for AD, the test should be sensitive and specific to AD. 
Study in Chapter 4 was set up to see if only patients with AD show deficits performing the 
TMB task. To this end, I recruited patients with AD and PD that performed the task on the 
Flash-Cards version of the test.     
There is a very little research that would determine specificity of the task to AD. Two studies 
could be found in the literature: one by Della Sala et al. (2012) on patients with AD, FTD, 
and PD; the other by Cecchini et al. (2017) on patients with FTD and AD. In both these two 
studies a free recall paradigm has been employed and participants performed tasks with 
different set sizes.  
In my study a recognition test paradigm has been used in order to show that TMB test retains 
the same specificity thus confirming that it is the function and not the testing procedure that is 
sensitive to AD. I used the Flash-Cards version of the TMB test that I validated in 
Experiments 1-6 with two items per testing trial. For this experiment, I recruited amnestic 
MCI patients, patients with mild AD, and patients with PD with and without cognitive 
deterioration. Some previous studies showed that patients with PD are not impaired in 
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recognition, but impaired in free recall tasks (Cohn et al., 2016; Flowers et al., 1984). 
However other studies assessing PD with and without dementia showed a different pattern. 
Higginson et al. (2005) and Whittington et al. (2000) showed that regardless of the presence 
of dementia, PD patients are impaired in recognition tasks.  
As PD patients show volume loss in hippocampus (Schneider et al., 2017; Cohn et al., 2016) 
tasks that are supported by hippocampus should be difficult to perform for these patients; 
whereas tasks that are supported by parahippocampal complex should be preserved. In 
Experiment 9 I hypothesised that the recognition paradigm of TMB task should not affect 
performance by PD patients regardless whether they have cognitive decline or not. 
The results of the experiment showed that only patients with AD presented with impaired 
performance on the TMB task. On the contrary, compared to either cognitively healthy older 
individuals or PD patients with normal cognition, patients with PD dementia did not show 
impairment on the TMB.  
5.5 Implication  
The results of the experiments have demonstrated that the TMB task presented with   Flash-
Cards is more clinically and user friendly and does not require titration for patients and 
healthy controls. At the same time it obtains the same results as the computer version of the 
test. This series of experiments has shown that there is no age effect of the TMB task 
regardless of the task used (i.e., verbal free recall or visual recognition) that makes it a perfect 
baseline for detection cognitive deterioration. The outcomes have confirmed that TMB is 
affected only by AD and not by other neurodegenerative diseases thus confirming its 
sensitivity to AD.  
The creation of the Flash-cards was directed by the fact that TMB was existed as a computer 
version and it was difficult to use in the remote areas, in the situations where there is a need 
of assessment participants at home. In addition, computerised version of the test requires a 
special training in setting-up and testing and storage of the big data (that requires the Internet 
connection that in the clinical setting would be difficult to do). Furthermore, population under 
investigation are frail older people and patients with cognitive impairment who have limited 
computer knowledge and might develop “computer anxiety” that would affect the 
performance on the test. The Flash-Cards successfully address all these issues.     
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While traditional EEG devices are expensive and hard to transport, advances in the 
manufacturing of electronic devices have led to the recent appearance of affordable portable 
wireless EEG devices, opening the doors to EEG-based AD diagnosis in developing countries 
and geographically remote regions. The Flash Cards and the EEG system that I have been 
using in my experiments represent mobile and affordable means of testing patients. 
5.6 What next? 
As the early diagnosis of AD is based not only on the basis of the presence of cognitive 
impairments, but also “minimal functional problems” (Albert et al., 2011), I aimed to 
investigate what functional abilities decline first on the course of the disease and what are 
those “minimal impairment”.  
Dealing with AD, MCI patients and their caregivers I, during my clinical career as a forensic 
psychiatrist, have observed how often they lack financial competence and are unaware of this 
impairment. Literature review on the most complex and multidimensional functional 
activities, financial abilities has been found (along with transportation and using medication) 
showed to be more advanced and conceptually distinct from other everyday activities (like 
household, meal preparation or shopping) that comprise the range of different abilities and 
being purely “cognitive” meaning that it does not rely on the physical fitness like most other 
daily abilities. Financial abilities are crucial for functional independence and personal 
autonomy. 
 In my following chapters I also argue that they might serve as a functional marker of early 
dementia. I review current tools that were developed to assess everyday financial abilities and 
reason that there is a need of a new instrument that would help to detect the level of 
impairment. To highlight the specificity of the symptom we have suggested a term to define it: 
Acreemagnosia (Kozlova et al., 2018), from the Ancient Greek ἀ- (a-, “lack of”), χρήµα 
(creema, “money”) andγνωσιακή (gnôsis, “knowledge”). 
In the next series of experiments I investigate financial capacities in older adults and patients 
with cognitive impairment. I research if these abilities indeed different from other everyday 
abilities and if they can help to distinguish between healthy and pathological ageing. As there 
are no accessible financial scales, I developed the measurement that aided me to investigate 
my research questions. I describe the development and validation of the Acreemagnosia 
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Measurement (TAM) and on a number of patients I show that this is a promising tool for the 
measurement of the everyday financial abilities in frail older people and patients with 





Chapter VI   
Importance of improving IADL 
6.1 Introduction 
The distinction between healthy ageing, MCI, and early AD is difficult especially with 
regard to Activity of Daily Living (ADL). There is a growing body of studies showing 
that functional impairment in ADL already exists in MCI (Bengen et al., 2010; De 
Vriendt et al., 2012; Farias et al., 2005; Hedman et al., 2013; Luck et al., 2011; Mariani 
et al., 2007; Morris, 2012; Nygard et al., 2012; Pedrosa et al., 2010; Perneczky et al., 
2006; Peres et al., 2006; Sikkes et al., 2009; Schmitter-Edgecombe et al, 2011; Tuokko et 
al., 2005). Moreover, there is evidence that functional decline in ADL is detectable also 
in cognitively healthy older people, who later are going to develop MCI (Farias et al., 
2013; Marshall et al., 2014; Peres et al., 2008; Suchy et al., 2011; Schmitter-Edgecombe 
& Parsey, 2014). Those healthy older people with functional impairments are four-fold 
more likely to develop dementia over the ensuing few years (Lau et al., 2015). Several 
studies (Schmitter–Edgecombe et al., 2011; Lafirtune & Balestat, 2007) showed that 
individuals over 75 years of age are at great risk of limitations in everyday functioning 
and low functioning (low educational and/or occupational statuses) non-demented older 
people show functional decline on average in their 60s (Willis, 1996). Schmitter-
Edgecombe & Parsey (2014) observed that performance accuracy of functional activities 
decreased with increased age and level of cognitive impairment. Therefore, this period of 
time when cognitively unimpaired older adults exhibit some functional impairment but 
remain independent is a critical opportunity for intervention practice that can help to 
delay conversion to dementia. Consequently, clinical practice would benefit of sensitive 
behavioural measures that would detect these subtle functional problems.  
These early functional impairments occur first in Instrumental Activity of Daily Living 





skills, as well as appropriate environmental conditions (World Health Organization, 
2001). This makes them very susceptible to the initial effects of cognitive impairment. 
Therefore, the assessment of IADL can prove valuable in the detection of early dementia 
(Desai et al., 2004; Morris et al., 2912). Several studies consider handling finances, 
shopping, transportation, and managing medication among the most demanding cognitive 
activities (Aretouli & Brandt, 2009; Bangen et al.; Barberger-Gateau et al., 1999; Gold, 
2012; Kim et al., 2009; Njegovan et al., 2001; Nygard, 2003; Reppermund et al., 2011; 
Willis et al., 1995).  
However, typically in clinical practice a patient’s function is examined not by looking at 
the performance on each individual task, but by summing up their responses in a total 
score. While this is a quick and easy method, it yields quite inaccurate estimates of 
underlying functional abilities or functional impairments. Total scores do not take into 
account important differences in item characteristics and different possible pattern of 
responses. The items within the most functional scales differ in terms of physical and 
cognitive difficulties and two responders can achieve the same score on a scale, however 
interpretation can be completely different. For example, frail older people without 
cognitive impairment can have difficulties with physical items and no problems with 
cognitive items; on the other hand, physically sound patients with dementia may have no 
problems with physical items, but fail complex cognitive items. Classifying participants 
with the same total score as having the same degree of functional impairment could be 
inaccurate and misleading.   
Most of the scales do not give enough response variance to allow one to see if there is a 
problematic task/s within a given ability. For instance, shopping ability can have many 
subtasks like getting to the shops, remembering what items one intended to buy, knowing 
the prices and estimate what would be the cost, as well as physical effort of the errands. 
The most widely used scales enquire very broadly about shopping abilities. Figure 6.1 
gives some examples of how the most common ADL scales enquire about shopping 
abilities. Most of the scales inquire vaguely and broadly about independence on certain 





In this experiment, I aimed to investigate how MCI patients differ in performance on the 
most common functional scales from healthy older people. I aim at assessing whether the 
sensitivity of different scales used to detect early functional changes differ in patients 
with MCI. I investigate whether or not standard functional scales accurately differentiate 
between healthy controls from patients with cognitive impairment and if some tasks are 
more sensitive to detect early functional problems than others. This way the most 
sensitive tasks can be used to build more sensitive IADL scales targeting preclinical 
dementia, assessing early IADL changes and screening for asymptomatic dementia or 
older individual who are at risk of dementia. In addition, I aimed to examine the 
neuropsychological predictors of functional abilities in healthy controls and patients with 
MCI and mild-AD. The other purpose of the experiment to examine if there is indeed a 
diminished awareness of functional difficulties among individuals with MCI.  




























Eighty-five healthy older controls (HC), 14 patients with amnestic Mild Cognitive 
Impairment (a-MCI) and 14 patients with mild-Alzheimer’s disease (mild-AD) (Haxby et 
al., 1992) entered the study. The diagnosis was made by an Old Age Psychiatrist who 
followed the guidelines proposed by Albert et al. (2011) to diagnose MCI relying on core 
clinical criteria and those of the Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-V) (American Psychiatric Association, 2005) and the National Institute 
of Neurological and Communicative Disorders and Stroke–Alzheimer’s Disease and 
Related Disorders Association (NINCDS-ADRDA, McKhann et al., 1984) to detect AD. 
HC were recruited from the volunteer panel of the University of Edinburgh. Informed 
consent was obtained from control participants, MCI and AD patients, and their carers. 
The study was approved by the Psychology Research Ethics Committee, University of 





6.2.2 Measures  
6.2.2.1 Cognitive functions 
General Assessments: 
The Addenbrooke’s Cognitive Examination Revised (ACE-R; Mioshi et al., 2006). This is 
a brief measure of global cognitive function which incorporates five sub-domain scores 
(orientation/attention, memory, verbal fluency, language and visuo-spatial). The 
maximum score is 100 with the 88-82 cut-off score that signalling about cognitive 
impairment (Mioshi et al., 2006).  
The Test of Premorbid Function (TOPF; Pearson assessment, 2009), which is a reading 
test as an estimate of the premorbid functioning in neurodegenerative brain disorders. 
The test consists of 70 words that are presented in the ascending difficulty order with 
regular words at the beginning with the following further more irregular and complex 
words. The maximum raw score is 70.  
Executive functions: Participants completed two measures of executive function. The 
Trail Making Test (TMT parts A & B) (Reitan, 1992) was used to assess simple and 
complex visual scanning. The simple version of the task required participants to draw a 
line between circles according to a sequence (numbers). The complex version of the task 
required participants to alternate between two sequences (numbers and letters) while 
drawing lines to connect circles. 
Memory: Free and Cued Selective Reminding Test (FCSRT) (Buschke et al., 1984) was 
used to assess the ability to learn and recall a list of words after a delay. The participant 
was presented with written words on cards, 4 words at a time on one card, with 16 words 
in total. The participant was asked to point and name a word (e.g., “Please point and 
name a fruit”). Once all of 4 items on a card were identified, the card was removed and 
the participant would complete an immediate free recall of the seen words, then, if some 
of the words were not recalled, the participant was given a cue for the missing words 





items were seen, the participants were asked to freely recall all items without any order 
and them with the cue if some of the words were not recalled. This process was repeated 
three times. Following a delay of approximately 20 minutes, the participant was asked to 
recall words again freely and cued. Memory for free, cued and total recall was measured 
at the end by summing up all the words recalled freely of with cues. 
Temporary Memory Binding Test (TMB). See Chapter 1-Part 1 and Chapter 2.  
6.2.2.2. Functional tests 
Lawton Instrumental Activities of Daily Living (Lawton IADL; Lawton and Brody, 1969). 
This is one of the earliest self-report scales developed to assess self-maintenance and 
lifestyle. It assesses 8 activities: the ability to use the telephone, to shop, prepare food, 
handle finances, do housework, managing medications, do laundry and to travel. Each 
task is scored dichotomously as either 1 (can perform task) or 0 (cannot perform or 
requires some assistance), providing a total IADL score ranging from 0 (significant 
impairment) to 8 (no impairment). This is the most popular and widely used functional 
scale in clinical practice.  
Extended Instrumental Activities of Daily Living (E-IADL; Fieo et al., 2014). It is a brief 
9 items scale that assesses complex and more cognitively demanding everyday tasks 
(shopping, house chores, find a way around the neighbourhood), they also incorporated 
leisure activities that are more stimulating and more challenging than traditional IADL 
(attending classes, doing community or volunteer work, take part in activities, going to 
movies, restaurant etc., visit friends/relatives). The score ranges from 0 (significant 
impairment) to 36 (no impairment). 
Everyday Cognition (ECog; Farias et al., 2006) is an informant rated functional scale that 
assess six domains: Everyday Memory, Everyday Language, Everyday Visuospatial 
abilities, and three everyday executive domains including Everyday Planning, Everyday 
Organization, and Everyday Divided Attention. There are 39 items in total and the 
informant compare the participant’s current level of functioning to 10 years earlier. The 





consistently a little worse, 4 = consistently much worse. The total score ranges from 39 
(no impairment) to 156 (significant impairment).  
ECog and EIADL include more “advanced” items like social life and new scoring system 
that assesses changes in functional activities over time. Prior studies show that ECog 
effectively differentiate between MCI and healthy older people and also between MCI 
and AD dementia (Farias et al., 2011). 
6.3 Analyses 
The data were analysed using R-Studio (version 3.2.2) package “psych” (Revelle et al., 
2017) by means of non-parametric Wilcox tests were used to compare HC and two 
patients groups on all demographic and functional measures. The effect size was 
calculated using eta-squared (ƞ2) for significant results.  
In order to test if patients were aware of their functional difficulties I calculated 
Discrepancy Index (DI) scores using formula: self-rating minus proxi-rating test outcome 
(Farias, Mungas, & Jagus, 2005; Tabert et al., 2002). Those who overestimated their 
abilities would have a negative DI scores and those who underestimated their abilities 
would have a positive DI scores.   
To examine what are the cognitive abilities that determine a successful functional 
performance in older adults and impairment in what cognitive function correlate with 
decline in everyday function a series of univariate analyses were performed to identify 
the bivariate association between each neurocognitive domain and functional scales and 
tasks. 
6.4 Results 
Table 6.1 shows the results of group comparisons on demographic and 
neuropsychological variables. There was no age difference in between patients with MCI 
and HC, however AD patients were significantly older than both MCI and HC. There was 





As expected by the virtue of the diagnosis, MCI and AD differed significantly from the 
controls on ACE-R and specifically the two patient groups were significantly different 
from their healthy counterparts on memory and fluency domains. AD patients’ 
performance on other domains of ACE-R was significantly worse than both MCI and HC. 
Memory total free and total delayed recalls on FCSRT and executive TMT A-B also 
differentiated the three groups. 
Table 6.1 Demographic and neuropsychological measures for the three groups of participants. 
Group Healthy (n = 85) MCI (n = 14) AD (n = 12) Sig ƞ2 
Gender (%Male) 29 79 50 <0.001 HC<MCI=AD 0.09 
Age 71.8 (7.41) 74.71 (8.25) 78.92 (5.33) <0.001 MCI=HC<AD 0.12 
Education 15.74 (3.90) 14.04 (3.01) 13.67 (2.99) n.s  - 
TOPF 65.98 (5.25) 62.93 (4.83) 55.42 (9.94) <0.001 HC=MCI<AD 0.17 
ACE-R 96.33 (3.97) 87.58 (6.14) 70.82 (10.46)    <0.001 HC<MCI<AD 0.52 
ACE-R subscales: 
    
 
 
Attention 17.65 (0.90) 17.00 (1.04) 13.91 (2.17) <0.001 HC=MCI<AD 0.34 
Memory 24.46 (2.88) 19.67 (4.05) 14.55 (3.80) <0.001 HC<MCI<AD 0.42 
Fluency 12.64 (1.61) 10.25 (2.05) 8.00 (2.79) <0.001 HC<MCI<AD 0.32 
Language 25.85 (0.42) 25.50 (0.67) 21.27 (3.98) <0.001 HC=MCI<AD 0.29 
VSP 15.79 (0.56) 15.33 (0.89) 13.27 (2.49) <0.001 HC=MCI<AD 0.23 
FCSRTtotalfree 46.45 (2.01) 37.20 (11.55) 25.40 (12.41)     <0.001 HC<MCI<AD 0.53 
FCSRTdelayfree 9.80 (2.57) 4.10 (1.97) 1.70 (1.70) <0.001 HC<MCI<AD 0.55 
TMT A-B 50.55 (37.24) 112.16 (126.13) 152.04 (114.00) <0.001 HC<MCI<AD 0.19 
Binding 0.92 (0.09) 0.79 (0.13) 0.74 (0.10)    <0.001 HC<MCI=AD 0.30 
Note: ACE-R - The Addenbrooke's Cognitive Examination – Revised (Mioshi et al., 2006), TOPF - Test 
of Premorbid Functioning (Wechsler et al., 2011); FCSRT – Free and Cued Selective Reminding Test – 
total score (Grober et al., 2009), ECog – Everyday Cognition (Farias et al., 2008), TMT A-B - Trial 
Making Test (Army Individual Test Battery, 1944); Lawton - the Lawton Instrumental Activities of Daily 
Living (Lawton and Brody, 1969), EIADL - Extended IADL (Fieo et al., 2014), Binding – Temporary 
Memory Binding test (Parra et al., 2014; 2015). 
 
 
Examination of group differences in performance measures of functional abilities (Table 
6.2) revealed that the performance of the two patient groups was comparable to each 
other and significantly worse in most of the functional scales compare to HC. The only 
items that distinguished the two patient groups were the financial domain on the Lawton 






Table 6.2 Difference on measures of functional abilities across three groups of participants 




Lawton 7.95 (0.26) 6.29 (1.54) 7.08 (1.16) HC<MCI=AD 0.25 
Telephone 0.99 (0.11) 1.00 (0.00) 1.00 (0.00) n.s  
Shopping 0.99 (0.15) 0.67 (0.49) 0.50 (0.52) HC<MCI=AD 0.23 
Food prep 0.99 (0.15) 0.67 (0.49) 0.58 (0.51) HC<MCI=AD 0.29 
House 1.00 (0.00) 1.00 (0.99) 0.92 (0.29) n.s - 
Laundry 0.99 (0.00) 0.75 (0.45) 0.58 (0.51) HC<MCI=AD 0.31 
Transport 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) n.s.  
Medical 1.00 (0.00) 0.83 (0.39) 0.67 (0.49) HC=MCI<AD 0.16 
Finances 1.00 (0.00) 0.92 (0.29) 0.75 (0.45) HC=MCI<AD 0.11 
EIADL 10.36 (8.45) 23.54 (5.70) 21.25 (4.41) HC<MCI=AD 0.25 
Ecog 39.28 (12.64) 50.21 (23.04) 45.18 (18.80) n.s  
Everyday memory 16.58 (4.94) 20.29 (6.07) 21.80 (9.99) HC<AD=MCI 0.16 
Everyday 
Language 4.61 (1.29) 6.36 (1.91) 5.40 (2.67) HC<MCI=AD 0.14 
Everyday 
Planning 8.45 (2.04) 6.57 (4.16) 7.80 (5.87) n.s  
Everyday 
organisation 5.44 (1.43) 6.43 (2.59) 5.00 (3.16) n.s  
Everyday Divided 
attention 2.81 (1.06) 2.50 (0.85) 3.60 (1.90) n.s  
Assessing 
Finances 1.19 (0.42) 1.31 (0.63) 1.40 (0.55) n.s  
Balancing Cheque 
book 1.05 (0.22) 1.08 (0.29) 1.67 (1.03) HC=MCI<AD 0.16 
Organising 
finances 1.13 (0.33) 1.45 (0.69) 1.60 (0.55) HC<MCI=AD 0.12 
Note: on the Ecog higher mean scores mean more impairment  
There is ample research showing that patients with cognitive impairments often cannot 
assess their functional abilities adequately. Table 6.3 presents the results from the 
analysis of the DI. The discrepancy between self- and proxy-report was significantly 
greater for patients groups compare to HC. MCI and AD patients had grater 





overestimated their abilities of everyday planning, organisation and attention. However, 
there was little power to detect the difference, as the sample size is small with a large 
within group variability. Financial tasks of the Ecog scales fared better in detecting the 
difference between the groups. MCI patients and moreover AD patients overestimated 
their abilities to assess finances. Abilities on the tasks like balancing chequebook and 
organising finances were overestimated by AD patients, when MCI patients on these 
tasks accurately estimated their abilities.  
Table 6.3 Discrepancy Index (DI) across functional scales and functional domains 
  
Healthy (SD) MCI  AD  
Sig ƞ2 (n = 27) (SD) (SD) 
!! (n = 9) (n = 9) 
Lawton -0.03 (0.96) 0.93 (1.44) 1.44 (2.30) 0.001 0.31 
Telephone 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) n.s. - 
Shopping 0.00 (0.00) 0.29 (0.47) 0.25 (0.45) 0.03 0.09 
Food prep 0.00 (0.00) 0.14 (0.36) 0.25 (0.62) 0.03 0.10 
House 0.00 (0.00) 0.07 (0.27) 0.17 (0.39) n.s - 
Laundry -0.04 (0.20) 0.29 (0.47) 0.42 (0.51) 0.001 0.23 
Transport 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) n.s. - 
Medical 0.00 (0.00) 0.14 (0.36) 0.33 (0.49) 0.006 0.14 
Finances 0.00 (0.00) 0.00 (0.00) 0.33 (0.49) 0.007 0.14 
EIADL 0.52 (0.94) 0.33 (2.60) 2.00 (7.81) 0.009 0.002 
ECog 2.96 (4.87) -0.86 (32.34) -10.00 (40.91) 0.69 - 
Everyday memory 0.86 (6.19) -2.29 (13.54) -4.40 (13.89) 0.94 - 
Everyday 
Language -0.11 (1.69) -0.14 (4.88) -3.40 (5.55) 0.09 0.12 
Everyday 
Planning 0.42 (5.67) -1.43(8.00) -5.60 (9.91) 0.003 0.04 
Everyday 
organisation -0.06 (3.82)  0.00 (5.80) -3.20 (4.60) <0.001 0.05 
Everyday Divided 
attention 0.61 (2.11) -1.29 (2.93) 0.60 (3.05) <0.001 0.01 
Assessing 
Finances 0.04 (0.68) -0.33 (0.58) -2.85 (1.00) <0.001 0.30 
Balancing 
Chequebook -0.09 (0.29) 0.00 (0.00) -3.00 (0.00) <0.001 0.42 
Organising 
finances 0.04 (0.36) 0.00 (0.00) -1.00 (0.00) <0.001 0.06 
!!
Note: On the Ecog negative DI means overestimation of the functional abilities as higher mean scores on the 
Ecog mean more impairment, on the contrary, for Lawton and EIADL positive DI means overestimation of 





Cognitive underpinnings of functional abilities. 
In Healthy Controls the Lawton scale was associated with gender variance, β = 1.18, χ2(1) 
= 7.08, p = .008. ECog total score, as it was expected, was associated with memory test 
performance (FCSRT free recall: β = -0.88, χ2(1) = 14.92, p < .001) and general 
cognitive function (ACE-R: β = -2.19, χ2(1) = 3.36, p = .02). Everyday memory and 
everyday language subscales of the ECog correlated with the FCSRT free recall task, β = 
-0.34, χ2(1) = 9.20, p = .003 and β = 1.18, χ2(1) = 13.45, p < .001. Everyday planning 
subscale of the Ecog associated with the FCSRT free recall task (β = -0.34, χ2(1) = -2.10, 
p = .03) and visuospatial abilities (β = -0.34, χ2(1) = 2.10, p = .03). Everyday divided 
attention subscale of the Ecog correlated with attention (β = -0.50, χ2(1) = -2.68, p 
= .001).  
Assessment of finances of the Ecog test in healthy controls showed that it depends on 
attention (β = 1.19, χ2(1) = -2.68, p = .01) and fluency (β = -0.12, χ2(1) = -2.59, p = .01). 
Balancing chequebook proved to be another complex task that in healthy controls 
depends on general cognitive function (β = 0.06, χ2(1) = 2.65, p = .01), attention (β = -
0.1, χ2(1) = -2.23, p = .02), memory (β = -0.4, χ2(1) =- 2.23, p = .02), fluency (β = -0.08, 
χ2(1) =-3.04, p = .003), and visuospatial abilities (β = -0.42, χ2(1) = -3.63, p =<.0001). 
Organising finances relied on fluency component (β = -0.1, χ2(1) = -2.28, p = .02). 
Lawton task domains and EIADL in healthy older controls did not correlate with any of 
the cognitive abilities. 
In the MCI group, the Lawton’s subscale of telephone use was associated with free recall 
variable (β = 0.1, χ2(1) = 2.28, p = .02) and finances was associated with language (β = 
0.35, χ2(1) = 9.45, p = .01). Total score of the ECog and EIADL scales correlated with 
free recall (β = 0.65, χ2(1) = 3.49, p = .05; β = 0.65, χ2(1) = 2.45, p = .05). All other 
associations were non-significant. 
In the AD group Lawton’s subscale of finances and shopping was associated with 
premorbid function that was measured by TOPF (β = 0.48, χ2(1) = 3.84, p = .002). All 





medication (β = 0.62, χ2(1) = 4.00, p = .001) and performance on the ECog Scale (β = 
0.49, χ2(1) = 3.90, p = .002). 
6.5 Discussion 
In this experiment I aimed to investigate which items are the best to distinguish between 
patients with different levels of cognitive impairments (MCI and AD dementia) and that 
would detect early functional problems in patients with cognitive impairment. The reason 
in setting-up this experiment is in the on-going discussion about the MCI criteria 
(Petersen et al., 2014; Morris, 2012). The differentiation between early, mild and major 
cognitive impairment lies in the extent to which cognitive impairment interferes with 
everyday functioning. In MCI and mild-AD individuals may remain autonomous with 
some functional problems in complex everyday activities (Farias et al., 2006; Geda et al., 
2010; Giovanetti et al., 2008). Moderate AD patients have already a pronounced 
functional deficit (Morris et al., 2013; Hesseberg et al., 2013; Reppremund et al., 2012). 
Consequently, it is paramount to know which functional deficit underpins early cognitive 
decline and the degree of impairment of everyday functioning so that we can establish an 
accurate level of cognitive impairments (MCI, mild-AD or moderate-AD). 
In clinical practice, the level of functional impairment is ascertained by asking the 
caregiver or the patient to complete a report-based questionnaire assessing the overall 
everyday functioning. This approach gives an imprecise estimation of the individual’s 
functioning, as it does not take into account differences in item characteristics and 
different possible pattern of responses. The items in the scales have different level of 
complexity (finances items are very complex, whereas self-care and household items are 
less so). Moreover, the total scores often employed assume that all items carry the same 
weight. In addition, some of the items are gender unbalanced (e.g., laundry, food 
preparation), other rely on physical components (e.g., transportation, getting in and out of 
the car).  
The current study showed that performance on individual items in the Lawton’s and 





scales. The results of the experiment show that Lawton’s, EIADL and ECog total score 
could not distinguish between the two groups of patients assessed, namely MCI and AD, 
however they could differentiate between healthy controls and two groups of patients 
with cognitive impairment. However, items assessing finances could detect functional 
differences between MCI and AD. Moreover, single items like food preparation, 
shopping and laundry and organizing finances could detect cognitive impairment (i.e., 
MCI and AD patients performed worse than HC). These results show that using the total 
score of the performance as a mean of measuring functional decline can be misleading 
and underestimate functional problems. Therefore, prospective new functional tools that 
would enquire deeper into the essence of the everyday functional tasks, asking questions 
that would break down the components of each task would have more potential in 
detecting early functional problems. In addition, these tasks should rely only on the 
cognitive component and be gender indifferent.     
In this study, I also examine awareness of patients with MCI and AD of their functional 
difficulties. It was important to establish as the first part of this experiment was based on 
the self-report of functioning. Investigating the accuracy of self-report of functional 
abilities is a critical scientific and clinical undertaking. I found that patients with MCI 
were significantly more likely than healthy controls to overestimate their functional 
abilities and more so patients with AD. This was seen mostly in the estimation of their 
performance on the tasks assessing financial abilities (in Lawton’s scale and ECog) and 
also managing medication item of the Lawton scale. Specifically, patients with MCI and 
patients with AD tended to overestimate their abilities on these items. Similar findings 
were observed in several prior studies (Okonkowo et al., 2007; Peres et al., 2006; Tuokko 
et al., 2005; Clare at al., 2013). An important consideration of the study is in the 
heterogeneity of the anosognosia in patients with cognitive impairment: patients with 
MCI and AD are not as accurate on estimation of their financial abilities as they are in 
other everyday functional abilities. Interestingly, Clare et al. (2013) have shown that the 
nature of memory awareness is a heterogeneous phenomenon which can be differently 
impacted by the level of cognitive impairment. They reported that patients with MCI 





completing a memory task), but had an impaired general evaluative judgment (evaluative 
judgment about the use of memory in everyday situation). The researchers suggested that 
evaluative judgment reflects a general difficulty with judgement and relies on episodic 
and autobiographical memory whilst performance monitoring relies on the ability to 
detect errors in memory tests performance and relates to executive functioning. These 
dissociable aspects of memory awareness are more than just an academic interest as 
awareness of cognitive deficits may be a be a more direct predictor of specific outcomes, 
The identification of distinct awareness phenomena would be interesting to investigate 
further in the development of the new performance-based scales, whereby awareness 
indices derived from the evaluative judgment scores and performance monitoring scores 
can ascertain different degree of awareness loss to derive a fuller picture when exploring 
patients differences.  
Neurocognitive studies have the potential to improve our understanding of the 
relationship between cognitive function and functional loss in MCI and AD patients by 
highlighting specific cognitive processes that are essential for functional abilities. The 
current study shows that in healthy controls Lawton’s scale was associated with gender 
variable that confirms once again a gender associative nature of the scale. Financial 
abilities have proved to be a complex cognitive construct that relies on composite 
measures of several cognitive domains. However, although memory is a cardinal deficit 
in MCI and AD, language was the only cognitive function associated with financial 
performance in MCI patients. This can be explained with the small sample size and large 
within group variability that was the major limitation of the current study.  
There is a very interesting finding of the study: the Shape-Colour Binding Condition was 
associated with managing medication in patients with AD. This is the first study that 
would show this association. It has an important clinical implication as patients with AD 
will have troubles associated certain coloured pills  
The other limitation of the study is the large proportion of males in the patient groups. 
This could skew the results and display as impairment in gender associated items (e.g., 





about gender specific items in functional scales and the roles of females and males have 
drastically changed. Nevertheless, Hesseberg et al (2013) in their study have also showed 








Acreemagnosia (Loss of financial knowledge): a symptom of 
functional and cognitive loss in frail older people 
More and more research argues that the most cognitively demanding items in functional scales 
requiring more sophisticated cognitive and psychological organisation are better than cognitive 
assessments at identifying community dwelling older people who are at risk of developing 
dementia (Brodaty et al. 1998; Cromwell et al. 2003; Kempen and Suurmeijer 1990; Peres et al. 
2006; Schmitter-Edgecombe et al. 2011; Schmitter-Edgecombe and Persey 2014). It has been 
argued that deficits in ADL/IADL are capturing the earliest deficiencies experienced in everyday 
life beyond those measured by standardised neuropsychological tests (Luck et al. 2011; Peres et 
al. 2006; Sikkes et al. 2011). Indeed, functional scales may be less biased by education than 
cognitive scales (Juva et al.1997) and they rely on multiple cognitive domains (Farias et al. 2006; 
Gold 2012; Peres et al. 2008). Several longitudinal studies (Peres et al. 2008; Purser et al. 2005) 
examining trajectory of decline from the cognitively healthy individuals to dementia showed that 
in healthy individuals and MCI patients that reported IADL restriction, researchers were able to 
predict incipient dementia within ten years time than those who were independent in IADL. 
The ability to maintain one’s own finances is a complex function which relies on several cognitive 
constructs (Aretouli and Brandt 2010; Arrighi et al. 2013; Griffith et al. 2003; Hesseberg et al. 
2013; Marson et al. 2000). Its decline is argued to be an early symptom of dementia (Marson et al. 
2000, Wills 1996) and a strong predictor of future cognitive decline (Chiong et al. 2014; Peres et 
al. 2008). The impairment in financial abilities and the lack of awareness of such deficits carry 
considerable social and legal impact, and are believed to be among the primary factors precluding 
independent life and requiring legal assistance (Cramer et al. 2004; Kershaw and Webber 2008; 
Wills 1996). Despite its relevance, little attention has been paid to this common symptom. In this 
chapter I will discuss the relevance of assessing everyday financial management abilities in frail 
older people and people with cognitive decline and will critically appraise the available 
assessments tools. To highlight the specificity of the symptom we have suggested a term to define 
it: Acreemagnosia, from the Ancient Greek ἀ- (a-, “lack of”), χρήµα (creema, “money”) 




I begin by arguing that the financial items included in Activities of Daily Living (ADL), in 
particular in Instrumental Activities of Daily Living scales (IADL), are the most complex self-
management items in those scales. I then address the importance of assessing financial abilities 
which could potentially offer the earliest window for the detection of ADL/IADL impairments. I 
critically appraise the proposed tools to assess Acreemagnosia, and conclude by making some 
propositions as to what a valid instrument to assess financial competence should encompass. 
7.1 Everyday financial abilities as the most complex items of ADL/IADL Scales. 
Njegovan et al. (2001) showed a hierarchy of functional losses associated with cognitive decline 
in older people at higher order functional activities, such as housework, shopping, and finances 
decline first. Other studies that evaluated hierarchical relationships across the different items 
encompassed within the ADL/IADL scales found a fair degree of overlap across them, though 
confirmed that, using phone, self-medication and handling money were the most “complex self-
management tasks” (Thomas et al. 1998, p.318). Studies aimed at differentiating healthy ageing 
from MCI using ADL/IADL scales demonstrated that activities such as shopping, transportation, 
managing medication and handling finances were the best suited for the purpose (Aretouli and 
Brandt 2010; Bangen et al. 2010; Barberger-Gateau et al. 1992; Barberger-Gateau et al. 1999b; 
Gold 2012; Kim et al. 2009; Njegovan et al. 2001; Nygard 2003; Pedrosa et al. 2010; 
Reppermund et al. 2011; Willis 1996). The identifications of problems with these four above 
mentioned activities has been claimed to be a predictor of dementia 3-5 years prior to the onset 
of clinically detectable dementia (Barberger-Gateau et al. 1999a; Cromwell et al. 2003). Some of 
the studies investigating the multidimensionality of IADL/ADL scales have shown a clear 
hierarchy across the different items composing the scales. Kempen and Suurmeijer (1990) in 
their study on the development of the Hierarchical ADL-IADL that incorporated ADL and IADL 
items for non-institutionalised elders reported that shopping was one of the most difficult items 
to perform. Managing finances and shopping were confirmed to be the most difficult items for 
non-demented older by more recent studies reporting invariant item ordering using Item 
Response Theory (IRT). This analysis enables to consider the formal hierarchy of the scales with 
more accuracy (Spector and Fleishmen 1998; Fortinsky et al. 2003). Sikkes et al. (2011) in a 
multicentre longitudinal study on the IADL scales’ ability to predict future dementia showed that 
two of the most discriminating items between normal and pathological ageing were handling 
money and understanding personal financial affairs. Peres et al. (2008) in their prospective 
population-based study showed that decline in managing finances was the strongest predictor of 






that managing finances is among the earliest IADL impairments in MCI (Gold 2012; Griffith et 
al. 2003; Kim et al. 2009; Marson et al. 2000). Bangen et al. (2010) found that patients with 
different MCI subtypes report a dissociation in the Managing Money Subscale of the 
Independent Living Scale (ILS), a performance-based IADL scale (Loeb 1996): amnestic MCI 
showed more impaired abilities of handling finances that non-amnestic MCI (the two groups did 
not differ from each other on the Dementia Rating Scale (DRS) scores). These findings suggest 
that investigating financial skills may be useful also in differentiating between subtypes of MCI.  
Given the considerations above, assessment of financial abilities is of paramount importance not 
only because it appears to be a sensitive and early functional marker of incipient dementia, but 
also because a reduced competence to look after one’s own finances is a major risk of being 
financially exploited or abused, hence losing independence (James et al. 2014; Smith 2000; 
Tueth2000). In Chapter 6, I showed that patients with MCI already present with unawareness in 
acreemagnosia: only answers to the questions related to their financial abilities differed between 
MCI patients and their proxies. The clustering, resulting from item analysis of the output from 
ADL/IADL scales suggests that Acreemagnosia is a deficit in its own right, and as such should 
be recognized, offering a conceptual frame within which to devise appropriate assessing 
instruments. 
7.2 Assessment of financial knowledge in current clinical practice 
The reason why the assessment of financial competence has received little attention probably 
resides in the lack of a framework to assess financial management abilities in older people and 
patients with cognitive impairment, a lack of guidelines, but also a lack of standardised 
assessment tools. Clinicians routinely check for financial competence by relying on clinical 
interviews, neuropsychological tests, and ADL/IADL scales, which do not thoroughly explore 
financial abilities (Kershaw and Webber 2008). This introduces variability to the outcome of 
such assessment and increases the likelihood of incorrect judgments about financial competence. 
There is growing concern that general cognitive assessment tests are unsuitable for evaluating 
financial ability (Kershaw and Webber 2008; Stebnicki 1997). Indeed, there is evidence that 
people who perform well on psychometric tests may still perform poorly on financial 
competence tests (Bechara et al. 1994).  
Most ADL/IADL scales include only a few items inquiring about financial competence. These 




example (see Table 7.1), one of the most widely used such scales in clinical setting, the Lawton 
IADL scale (Lawton and Brody 1969), enquires about one’s own independence in carrying out 
financial matters and in managing day-to-day purchases. This was confirmed by my experiment 
in Chapter 6: the most difficult items to perform were financial items and in addition patients 
with cognitive impairment was unaware of these difficulties. Instruments with the best 
psychometric properties (Sikkes et al. 2009), like the Disability Assessment for Dementia (DAD) 
(Bucks et al. 1996) and the Bristol ADL (Gelinas et al. 1999), lack a unifying conceptual model 
of financial abilities. The DAD enquires about interests and organisation of personal affairs and 
correspondence whereas the Bristol ADL asks about the level of responsibility of one’s own 
finances hence inquiring about different areas in everyday financial life and therefore measuring 
different aspects of the concept.
Table 7.1 Examples of ADL/IADL items enquiring about financial abilities 
Lawton IADL (Lawton et al. 1969) Bristol ADL (Gelinas et al. 1999) DAD (Bucks et al. 1996)  
1. Manages financial matters 
independently (budgets, writes 
checks, pays rent, bills, goes to 
bank), collects and keeps track of 
income. 
2. Manages day-to-day purchases, 
but needs help with banking, 
major purchases, etc. 
3. Incapable of handling money 
1. Responsible for own finances 
at previous level  
2. Unable to write cheque but 
can sign name and recognizes 
money values 
3. Can sign name but unable to 
recognize money values 
4. Unable to sign name or 
recognize money values 
5. Not applicable 
1. Shows an interest in his/her 
personal affairs such as his/her 
finances and written 
correspondence 
2. Organizes his/her finance to 
pay his/her bills (cheques, 
bankbook, bills) 
3. Adequately organizes his/her 
correspondence with respect to 
stationery, address, stamps 
4. Handles adequately his/her 






Moreover, the few items incorporated into IADL scales that enquire about financial 
management knowledge are rather dated. Technological advances (computers, smart phones, 
tablets), changes in shopping styles (online shopping, food order online or ticket bookings), 
financial affairs (more complex banking and investment systems, ATM machines and online 
banking) can impose new challenges to older people, especially to those experiencing 
cognitive decline. These various technological, financial, and cultural advances of modern life 
are not considered in ADL/IADL scales (Munoz-Neira et al. 2012; Rosenberg et al. 2009). 
Assessment of everyday financial ability and awareness of older peoples’ financial knowledge 
can help reduce the probability of financial exploitation and scams. There is an alarming rate 
of financial exploitations of older people (Aciernoet al. 2010). Financial victimisation is a 
serious problem as it can result in loss of independence and security, and devastating 
emotional distress (James et al. 2014; Tueth 2000). A growing number of articles highlighting 
the need for research to portrait a financial scam victim emerging from empirical research 
(Acierno et al. 2010; James et al. 2014; Tilse et al. 2005; Tueth 2000). Kemp and Mosqueda 
(2005) in their study of financial abuse of older people also stress the lack of assessment 
instruments available for these needs. 
A standardised assessment tool focusing on the most complex aspect of everyday life - 
financial abilities – would play an important role not only in the early identification of 
Acreemagnosia but would inform clinical judgment on the ability of the individual to live 
independently as well as in the type of support that should be given to families to avert 
financial, legal, and psychological problems.  
7.3 Available tools specifically assessing financial competence 
There are three instruments specifically developed to evaluate financial abilities (Table 7.2). 
Most of the tools that have been specifically designed to assess financial competence came 
from the work of the group led by Daniel Marson. Other instruments have not been fully 
validated and standardised and have not been used outside research environments. Below we 




Table 7.2 Instruments that are specifically aimed to assess financial management abilities 
Test Components Population Validation Reliability Strength Limitations 
Financial 
Capacity 
Instrument  (FCI) 
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Scopus.com 


















































FCI (6 domain) 
23 healthy older 
controls 
30 mild AD 
20 moderate AD 
 
 FCI (8 domain) 
23 healthy older 
controls 
20 mild AD 
 
FCI (9 domain) 
21 healthy older 
controls 
21 amnestic MCI 
















significant differences in 
FCI scores between 
healthy older controls, 
MCI, mild AD, moderate 
AD; mild AD patients 
show rapid decline 
over a year, MCI 
patients converting to 
AD show selective 
decline over a year  
•Convergent Validity: 
Overall financial 
capacity (FCI-9) in 
controls, MCI, and 
mild AD strongly 
predicted by written 
arithmetic, and also 
executive skills  
•Factor Validity: 
Factor analysis of FCI- 
9 tasks revealed 6 
factor structure with 
eigenvalues ≥0.96, and 
factor loadings = 0.39- 





•IC:α = 0.85– 
0.98 for FCI-6 











Pearson r range 
= 0.85–0.98 for 
FCI-6 domains 
(P < .001), and 























• Includes functional 
component; 
 
• Clinically relevant 
and useful; 
 














• 40 min for older 
controls, 60 min 
for AD patients (time 
consuming); 
• The instrument is not 
accessible for free use; 
 • Doesn’t account for 
previous expertise and 
financial knowledge; 
 • Relevancy only 
established with people 
with dementia and MCI; 
• Small sample size, thus 
limiting the extent to which 
findings can be generalised; 
 • There is no rationale 
provided for what are 
"simple" and "complex" 
tasks; 
 • Difficulty of the tasks did 
not correlate with severity 
of dementia; 
• Pioneer-stage research; 
some of the items are 
outdated eg check-book 
management;  
• No information to date, 
results have not been 
published yet  
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A short version of FCI 
37 Items measure 
•! Coin/currency 
knowledge 
•! Financial conceptual 
knowledge 
•! Problem Solving 
•! Understanding/using a 
check-book 








No information to date, 
results have not been 







No information to date, 
results have not been 















•IC: α  = 0.90 
•IR: % 
agreement = 
96 across two 
raters 
•T-RT: 
Pearson r range 








Brief assessment  
(15 minutes) 
the legal and monetary 
system in America. 



























Capacity (SCIFC)  




according to the 
Scopus.com 
(date of retrieval 
29/08/18) 
• Shares same 8 domains with 
FCI. 
 
• Interview format and specific 
test items 
 
• Examines competence in each 
of FCI -8  
 
• 3 level scoring: capable, 
marginally capable, 
incapable 
75 healthy controls;  
 
58 patients a-MCI;  
 
97 mild-AD;  
 
31 moderate AD 
Discriminant Validity: 
significant differences in 
FCI scores between 
healthy older controls, 
MCI, mild AD, moderate 
AD. 
 
•IC, IR, T-RT 
was not assessed  
Brief assessment (25 
minutes) 
•! Potential for 
considerable variability, 
bias and subjective 
interpretation of the 
outcomes;  
 
•! The measure is based on 
the legal and monetary 
system in America. 











(Wadley et al. 
2003) 
54 citations 




• Shares same 8 domains with 
FCI. 
 
• Provides comparison 
between premorbid (PFCF) 
and current (CFCF) 
financial capacity 
 
• Global judgment and 
judgment about current 
functioning in 8 domains 
and 20 associated tasks 
 
• 3 level scoring: capable, 
marginally capable, 
incapable 
• 20 AD and their 
family caregivers; 
 
• 23 healthy controls 
and their family 
informants  




Control CFCF self-report 
did not differ from 
control informant. 
•IC, IR, T-RT 
was not assessed 
• Functioning is 
appraised over time 
in everyday life 
settings; 
 






• Risk of bias and errors 
because information is 
obtained via collateral 
sources; 
• 40-60 min. 
administration; 
• In developmental stage; 
• High 
level of stability over 1 
month period in controls 
and their informants, 
however low level of 
stability in AD patients and 
their caregivers; 
• The measure is based on 
the legal and monetary 
system in America. Limited 

















according to the 
Scopus.com 
(date of retrieval 
29/08/18) 
•38-items 


























59 healthy controls 
•Discriminant 
Validity: Significantly 
worse FCAI scores for 
patients with global 
cognitive impairment 
(AD, intellectual 
disability), P < .01 
 
•Convergent Validity: 
Correlated with Money 
Management subscale 
of ILS, the Financial 
Decision Making scale 
of the Hopemont 
Capacity Assessment 
Interview  
•Factor Validity: No 
information  
•IC:Cronbach 





10 pairs of 
raters range, 
83 to 98%, 
average 89% 











 • Tested on 4 
different cognitive 
impairment groups  
 
• Being able to 
distinguish between 
groups   
 
• High internal 
consistency 
reliability  
•! • Time to administer the 
questionnaire is not 
indicated;  
•! • Moderate validity: some 
of the questions are low 
internal consistency and 
test-retest reliability (0.54 
and 0.57 respectively);  
•! •The instrument is not 
accessible to use;  
•! • Minimal research to 
date;  
• The measure is based on 
the legal and monetary 
system in Australia. 

















(Cramer et al. 
2004) 
18 citations 
according to the 
Scopus.com 
(date of retrieval 
29/08/18) 
• Participant self-rating 
 
• Informant parallel 
questions 
 
• Performance on 6 
financial tasks to parallel the 
questionnaire 
 
• 32 questions related to 
financial management  
6 experts experienced 
in helping people 
manage their finances 
 
25 well-functioning 
older adults and their 
informants 
 
10 dementia  
(7 probable AD; 1 
possible AD; 2 
vascular dementia).   
•Discriminant Validity: 
unawareness scores were 
much lower for well-
functioning participants, 
P < .01. 
•Convergent Validity: 
Level of cognitive 
functioning (3MS) 
correlated significantly 
with unawareness scores; 
the amount of control 
participants felt they 
have over their life did 
not correlate with 
unawareness scores   
•Factor Validity: No 
information 
•IC:Cronbach 
α = 0.92 for 
participants 
questionnaire; α 




•IR and T-RT 









• 1.5 hours participants   




• The awareness scores rely 
on participants and informant 
reports that can be biased;  
 
 •The instrument is not 
accessible for free use 
 
•Minimal research to date 
 
• Validated on the Canadian 
population  
Abbreviations: IC, internal consistency; IR, inter-rater reliability; T-RT, test retest; 3MS - Modified Mini Mental State Examination; ILS - the 






7.3.1 Financial Capacity Instrument (FCI) 
Seminal research on financial abilities in people with dementia was carried out by Marson and 
his colleagues at the University of Alabama, Birmingham (Marson et al. 2000). They argued 
that financial competence is a multidimensional concept comprising at least three components: 
(i) Conceptual knowledge - the established store of semantic and episodic facts, concepts and 
events related to financial knowledge (for example, naming coins, understanding bank 
transactions);(ii) Pragmatic knowledge– automatic skills and routines that are based on 
overlearned practical performance (for example, counting coins/currency, writing a cheque, 
simple cash transactions);(iii) Judgment abilities- the ability to predict the consequences of 
financial decisions in novel situations (for example, detecting mail fraud). Following this tenet, 
they developed the “Financial Capacity Instrument” (FCI) to assess financial abilities in people 
with dementia. The only financial instrument that has been fully validated and standardised. 
However, this instrument remains unpublished and is not available for use. 
These researchers showed that patients with mild Alzheimer Disease (AD) performed as well 
as healthy older controls on simple tasks (naming and counting coins, recognizing parts of a 
check book, detecting risk of mail fraud) and performed worse than controls on more complex 
tasks like those requiring to apply financial concepts, obtaining exact change, understanding 
and using bank statements, and making investment decisions (Marson et al. 2000). They also 
found a considerable variability in performance of people with mild AD (as measured by 
MMSE), meaning that patients with the same level of cognitive impairment performed 
differently on the same financial tasks. Performance on tasks that were defined as ‘simple’ or 
‘complex’ was not found to correlate with severity of dementia. However, the boundaries 
between “simple” and “complex” tasks are left unclear. In a one-year longitudinal study from 
the same research group that had a more homogeneous, compared to the previous study, group 
of patients with only mildly impaired AD had a more consistent result. Patients showed further 
decline, the greatest of which was on the more complex tasks, such as bank statements 
management, investment decisions, financial judgments, and cash transactions (Martin et al. 
2008). The results from these studies confirm the notion that by breaking down ADL/IADL 
into more specific functions it is possible to unveil deficits that otherwise would go unnoticed 
when probed by general questions.  
There are three other tools resulting from the work by Marson and colleagues, both strongly 




to assess financial abilities; however, the tool has a very limited clinical utility as it 
encompasses more than 100 items and takes more than an hour to administer. To address this 
issue Marson and his colleagues have devised two shorter versions of the instrument.  The 
Semi-structured Clinical Interview for Financial Capacity (SCIFC) (Marson et al. 2009), 
proposed as a brief (25 minutes) financial clinical assessment tool, comprises the same 8 
domains of the FCI scale. The other one is the Financial Capacity Instrument – Short Form 
(FCI-SF) which is also a brief (less than 15 minutes) clinical screening tool (Gerstenecker et 
al., 2016) assessing financial competence and calculation. A further instrument based on the 
FCI Includes two components, the Prior Financial Capacity Form and the Current Financial 
Capacity Form (Wadley et al. 2003) also addressing the same 8 FCI domains and proposed to 
evaluate the prior and current financial abilities of AD patients. The reference point for the 
prior functioning was assumed to be when the examinee was best at managing personal 
financial affairs. The FCI and its descendent tools, which are all based on the US monetary 
system, have been validated and standardised on MCI and AD patients, however they have not 
been used outside research. These instruments have not been tested or validated on other 
patient groups or on individuals with diverse cultural and ethnic backgrounds, which is also 
limits its use. None of these different versions of the FCI are available for use. 
7.3.2 Financial Competence Assessment Inventory (FCAI) 
Another questionnaire reported in the literature is the “Financial Competence Assessment 
Inventory” (FCAI) by Kershaw and Webber (2008) from the Deakin University in Australia. 
This questionnaire is aimed at investigating the legal criteria used in the United States and 
Australia; this tool is also unavailable for public use. The instrument was never published in 
full; only a brief description of the subscales was given in the manuscript about the validity of 
the tool without detailing the actual questions for each of the domains. According to Kershaw 
and Webber, financial competence is a multidimensional ability that includes everyday 
financial abilities (e.g., paying bills), financial judgment (e.g., financial goals), cognitive 
functioning related to financial tasks (e.g., basic reading, writing, and numeracy), estate 
management (e.g., understanding Power of Attorney), debt management, and support resources 
(e.g., knowing where to look for help in managing finances). The instrument was developed to 
assess legal financial competence for patients with different types of cognitive impairment: 
acquired brain injury, schizophrenia, AD, intellectual disability and also for people without 






The scale was aimed at determining competence in four legal fields: “understanding”, 
“appreciation”, “reasoning”, and “expressing a choice”. The FCAI comprises 41 items (tasks 
and questions) related to financial abilities and consists of 6 subscales. The degree of 
impairment in all subtests was more serious in people with dementia and intellectual disability. 
The groups with more “localized” impairment (acquired brain injury, schizophrenia) performed 
worse on the specific item of financial judgment. Performance of patients with more “diffused” 
impairment (dementia and intellectual disability) was poor across all domains of the scale. 
People with acquired brain injury and schizophrenia showed better overall scores on the scale 
than people with dementia and intellectual disability. The authors noticed that the groups with 
more “localized” impairment (which included schizophrenia and acquired brain injury) showed 
better overall scores on the scale than people with "diffuse" impairment, which included 
patients with dementia or intellectual disability. However, the authors’ grouping is 
questionable, as schizophrenia is hardly a localized impairment (Karlsgodt et al., 2010). The 
similarities of performance across different groups with different cognitive profiles, severity of 
cognitive impairment, and onset of the disease (people with intellectual disabilities who have 
had a disorder from early age might have never been exposed to financial tasks to the same 
extent as a person with dementia) were not discussed in the paper despite indicating the lack of 
specificity of this assessment tool. The scope of the study’s outcomes is further limited by the 
lack of group matching in terms of education and age. Moreover, prior financial knowledge 
was not considered, which could have affected the results (Marson et al. 2000). This instrument 
has never been used outside research, has not been fully validated and is unavailable to use. 
There is also a question about whether this instrument can be used outside the legal and 
monetary Australian and American systems.   
7.3.3 Measure of Awareness of Financial Skills (MAFS) 
Cramer et al. (2004) suggested that awareness in finances abilities is a central component of 
competency and unawareness would relate to the severity of cognitive impairment. 
Accordingly, they devised the Measure of Awareness of Financial Skills (MAFS) that 
comprises three parts: one given to the participant, a parallel part is for the informant or 
caregiver, and a performance measure (see Table 2). The instrument contains 34 questions 
about different financial tasks; participants are asked to rate, on a four-point scale, the amount 
of difficulty they experience when performing each of these tasks and the amount of help they 




related to awareness scores (calculated as the discrepancy between the self-report and the 
informant’s report); that is the poorer the financial competence the lower the awareness of 
one’s own deficit. However, the size of the sample was rather small (25 healthy volunteers 
acting as controls and 10 participants with different types of dementia) and encompassed 
different types of dementia, the severity of which was not reported.  
Cramer et al. (2004) hypothesized that awareness across different financial skills relates to 
higher order cognitive abilities such as executive functions. Contrary to their prediction, they 
found no or very little correlation between performance on different tests assessing executive 
functions, global cognitive function, and degree of financial awareness. They suggested that 
decline in executive functions and cognition is not uniform throughout the disease progression 
and attributed this lack of correlation to the heterogeneity of dementia in their sample. Another 
suggestion made by authors is that different levels of difficulties on the tasks could contribute 
to the discrepancies in awareness. That is, mildly demented patients will be more aware of their 
performance level on simple tasks than on complex tasks (Van Wielingen et al. 2004). The 
researchers however did not provide a solid rationale to distinguish between "simple" and 
"complex" tasks. Cramer et al.’s (2004) concept of lack of awareness of one’s own financial 
incompetence is relevant; hence it is embedded as a possible component of Acreemagnosia. 
All the studies reporting on the development of financial competence assessment tools 
recognise that traditional neuropsychological instruments are inappropriate to assess financial 
abilities. They also emphasise that financial competence is a multidimensional construct and 
suggest the need to break it down into separate components hence requiring a broad set of 
cognitive and procedural skills.  
7.4 Cognitive underpinnings of Acreemagnosia 
It is debated whether financial impairment precedes or follows clinically observable cognitive 
impairments or whether there is a link between specific cognitive constructs and financial 
abilities. Indeed, Silberfeld et al. (1995) maintained that there is little correlation between 
specific cognitive impairments and the ability to make financial decisions. Earnst et al. (2001) 
suggested that working memory deterioration is associated with financial abilities loss in 
people with mild AD. It must be noted that this study did not use any other cognitive measures 
except working memory (all measures were taken from the Wechsler Adult Intelligence Test 






et al. (2006) in their study using FCI together with a comprehensive neurocognitive battery, 
demonstrated that executive deficits (assessed by means of WAIS-III, Trial Making Test A, and 
visuo-motor sequencing) and impairments of attention (assessed by means of the Dementia 
Rating Scale (DRS)-2, Attention and Wechsler Memory Scale (WMS)-III, Spatial Span 
Forward) were the only cognitive impairments associated to the financial abilities decline of 
people with amnestic MCI. Sherod et al. (2009) supported this conclusion. They showed that 
performance on the FCI was mediated by similar neurocognitive predictors in healthy controls, 
MCI patients, and mild AD patients. These predictors were a measure of written arithmetic 
skills (the Wide Range Achievement Test (WRAT)-3 Arithmetic), tasks assessing executive 
functions (using visuo-motor sequencing; Trial Making Test A and B) and verbal memory 
(immediate and delayed story recall). 
Other studies however have questioned the correlation between scores in cognitive tests and 
financial management competence (Silberfeld, et al.1995; Spector and Fleishman 1998). Basset 
(1999) in her study with mild and moderate AD patients found no correlation between general 
cognitive function (as measured by the MMSE) and scores on five financial competence 
questions (Basset 1999). She also questioned that intelligence test scores can reflect everyday 
financial competence. However, in the same study she showed that performance on a simple 
attention measure (Trial Making Test A) was the only significant predictor for AD patients’ 
performance accounting for over 80% of variance. Kershaw and Webber (2008) in their study 
for scale validation used MMSE. They had mixed results that were depended on the population. 
That is, they showed that MMSE has no or low correlation with their FCAI scale in people with 
brain injury and cognitive healthy control groups; they had positive correlation between FCAI 
and MMSE performance on other three groups (schizophrenia, AD, and intellectual disability). 
They concluded that MMSE is not a reliable measure of financial capacity in healthy older and 
people with brain injury. Bechara, Damasio, Damasio, and Anderson (1995) in their study on 
patients with ventromedial prefrontal lesions reported on the cases of patients unable to make 
real-life financial decisions in spite of their normal performance on a battery of cognitive tests.  
In sum, the data culled from the literature shows that severity of cognitive impairment is a 
relevant variable for financial incompetence to emerge, yet the precise cognitive profile 




7.5 The need for a new instrument  
Assessing the possible presence of Acreemagnosia is important as  older people are at greater 
risk of functional dependence (De Vriendt et al. 2012; Schmitter-Edgecombe et al. 2011) and 
are prone to different types of financial frauds (Acierno et al. 2010; James et al. 2014; 
Reiboldtand Vogel, 2003; Tilse et al. 2005; Tueth 2000). Ad hoc scales assessing financial 
abilities are not fully validated, have psychometric limitations, are old fashioned, and, 
importantly, are not available for use. Therefore, there is the unmet need for a new instrument, 
which could aid the diagnosis of Acreemagnosia and quantify its severity.  
Ideally, such an instrument should take into account the limitations and the strengths of the 
existing scales in order to maximize the sensitivity to recognize early decline in financial 
knowledge. It should incorporate various financial domains and contain sufficient financial 
items to adequately represent various financial ability constructs. The instrument should be 
devised to be informative also when assessing financial competence in normal ageing, avoiding 
ceiling effects by means of enclosing tasks with different levels of complexity (easy, moderate 
and difficult items). This would also allow clinicians and researchers to establish a natural 
history of financial decline and monitor the development of the disease, the capacity to live 
independently, and importantly identify those potentially vulnerable to financial scams.  
In order to improve construct validity and consider the risk of bias and proneness to 
underestimation in caregivers’ appraisals of patients’ functional abilities (Cramer et al. 2004; 
Loewensteinet al. 2001) such a tool should incorporate informant-based, self-report and 
performance-based measures that would complement each other. To achieve a better 
measurement precision and establish particularly sensitive items to differentiate among 
cognitively healthy older people, MCI and early dementia, sound psychometric techniques 
should be employed (e.g., Item Response Theory Analysis) to cluster different items of the 
scale upon an individual level (Fieo et al. 2011). A new instrument should refine conceptual 
aspects underlying both simple and complex items not addressed in the existing scales. A 
psychometrically valid tool should incorporate unidimensional items which measure specific 
constructs as well as items which measure more than one construct, referred to as complex 
(Reckase 2009, pg. 63).  
As financial involvement and interests change after retirement, the ideal instrument should also 






people. Finally, the ideal instrument assessing financial competence will have to be culturally 
valid. Financial matters greatly vary from country to country so any instrument assessing 
financial abilities should rely on similar constructs but incorporate them in a way that truly 
reflects contextual challenges. A simple translation into a different language of an instrument 
devised for a particular cultural group would not suffice. 
7.6 Conclusions 
Financial management is a complex everyday functional ability that requires a high order of 
cognitive function (Griffith et al., 2013). In this Chapter I highlighted the rationale for 
incorporating assessment of everyday financial knowledge into routine clinical assessment, and 
how this would aid the early detection of early behavioural changes in frail older. In order to 
assess financial knowledge, researchers and clinicians are currently using ADL/IADL scales 
that do not sufficiently address the intricacy of everyday financial requirements. There are 
several financial scales that have been devised to particularly look at financial abilities, 
competence, and awareness. Unfortunately, these scales are unavailable for use and are not 
fully validated.  
Dealing with AD, MCI patients and their caregivers we, as several others, are observing how 
often they lack financial competence and are unaware of this impairment. We coined the term 
Acreemagnosia to label this symptom in order to frame it as a specific cognitive difficulty 
which could hamper the independent daily life of people at different levels of cognitive 
competence. Importantly, often also the carers are not fully aware of the patient’s impaired 
financial knowledge. There are a numbers of unanswered questions about Acreemagnosia.  
To address them and further explore the symptom, a proper instrument is needed. This 
instrument should combine subjective, objective and performance-based measures and should 
reflect everyday financial involvement of the post-retirement person and account for financial 
proficiency. Such an instrument would serve not only in diagnosing early impairments but 
would also help health care professionals (i.e. general practitioners, nurses, clinical 
psychologists) and other relevant professionals (i.e. social workers, financial or family 
counsellors) making the correct and objective judgment about the person’s everyday financial 
knowledge. In order to make it more accessible for clinical, research, and public use we 
propose that this new instrument should be made freely available. In the next Chapter, I report 




(TAM). In Chapter 9, with a small sample of patients I investigate if TAM can help 





Chapter VIII  
The Acreemagnosia Measurement: Psychometric 
evaluation of a new assessment of the loss of financial 
knowledge. 
8.0  Introduction 
Based on the literature reviewed and the need for a new measure of everyday 
functional abilities, the aim of the following two studies was to develop a new tool to 
evaluate financial abilities as a multi-dimensional concept, the first stage of which 
was done in a healthy, middle age and elderly population.  
In the next two experiments, I aim to show the rationale behind the construction of the 
scale. As financial ability is a multi-dimensional construct, I wanted to build the 
instrument that reflects this complexity. During this part of the study I consulted 
various professionals in the financial area: financial advisors, economists, financial 
psychologists, lawyers, pension advisors in order to help me to refine all parts of the 
measurement, questions and tasks within these parts. The aim was to build the 
instrument that would reflect the financial life of the retired person. Different people 
have a different financial involvement: some people have a particular interest in 
finance or previous experience or expertise, whereas other might have a very limited 
understanding of difficult concepts and their financial experience is limited to 
everyday grocery purchase and bill payments.  
To reflect this complexity and address the fact that within the financial abilities there 
are tasks that are very complex and difficult and other tasks that are simple, I relied on 
the Item Response Theory (IRT). To ensure understanding of the ensuing sections of 
the chapter, I devote its initial section to the description of core features of this 
analysis. 
Item response theory  
It is a model-based measurement in which the trait level estimate is dependent on both 




Reise, 2013). IRT describes the relationship between the individual’s trait level and 
the probability of a given response to an item using a nonlinear monotonic function 
(Embretson & Reise, 2013). The individual’s ability or trait level in IRT is denoted 
with theta (θ) and describes each respondent’s item and test performance (latent trait 
level) (see more detailed description in the section 8.3.3.2). 
IRT models are based on the probability of responding correctly to any given test item 
and based on individual ability and item parameters. This probability is referred to as 
the Item Response Function (IRF) or graphically through the Item Characteristic 
Curve (ICC) (see more detailed description in the section 8.3.3.2). IRF or ICC reflects 
the behaviour of the item in relation to the latent trait. The IRF is a non-linear 
regression on ability of the probability of a correct response to an item (Mungas & 
Reed, 2000).  
The simplest and most popular IRT model is the one that specifies only a single latent 
trait (e.g. Rasch model). Items within the test would vary on the difficulty level and 
this affects response probability. In this model a person with the high level of ability 
will correctly respond to an item with the high difficulty (ai) level. This difficulty 
parameter requires for a respondent to have a 50% probability of a correct answer to 
an item. For example, for an item difficulty level of 1.0, the respondent with a 
corresponding trait level of 1.0 would have a 50% chance of correctly responding to 
the item. 
Figure 8.1 One-parameter logistic model (1PL). Three ICC with different location 





In my study, I was using a two-parameters logistic model (2PL) that allows different 
degrees of association between the test or an item and the latent trait. It requires a 
different discrimination and difficulty of the item. The slope parameter reflects item 
discrimination (bij) and the steeper the slope the more accurately this item can 
differentiate between the latent traits (In the Figure 8.2 the Item 2 will be the best to 
discriminate between high and low latent traits). In 2PL model each item’s score is 
weighted and the more this item has discrimination power, the more weight will be 
assigned. This is the same with the difficulty of the item. In the Figure 8.2 at the θ = 1 
the Items 2 and 3 are much easier that the Item 1 and the probability of the correct 
response will be for Items 2 and 3. This model is thought to be more precise and 
accurate than the 1PL model (Embretson & Reise, 2002).  
Figure 8.2 Two-parameters logistic model (2PL). Three ICC with different location 








8.1 Initial Instrument Development 
Development of the modules of The Acreemagnosia Measurement (TAM) 
TAM is designed to combine participants’ reports and direct assessment of the 
financial abilities, which jointly, would provide a more objective and accurate 
approach. TAM is comprised of three parts.  
In the first part of TAM (‘Awareness’), participants rate their current financial 
abilities compared to the same abilities 10 years before the interview. The first part is 
a self-assessment section, through which participants will evaluate their own current 
financial management abilities. This part will also be completed by a relative or 
caregiver in order to obtain complementary information on the participant’s financial 
skills. Everyday financial management abilities are grouped in 8 general domains 
which cluster upon neuropsychological constructs of memory, organisation, planning, 
anticipating the future, prioritising, language, calculation, divided attention, judgment, 
and decision making. This structure of the responses is similar to that proposed by 
Farias et al. (2008) who emphasize that everyday functional abilities can be accurately 
mapped onto these cognitive domains.  
For the Awareness part of TAM I identified 10 possible questions within each domain, 
yielding a selection of 80 questions in total. The initial pool of the potential items was 
created after surveying existing financial and functional scales as well as reviewing 
the existing literature on financial matters to identify activities important for 
successful financial functioning of older people. 
The second part (‘Background’) gathers the background financial information, 
including one’s own family and socio-economical status; it also comprises questions 
regarding demographic characteristics and one’s everyday financial life. This part will 
help understanding the level of financial activity and whether the participant has a 
prior competence, knowledge or interest in finances. It looks at what banking methods 
and bill paying the participant normally uses or used. It explores where people turned 
for help or advice when struggling with financial management. This information is 
needed to understand the level of the everyday financial involvement of the 




investments or does not have a bank account, it can be expected that performance on 
the items of the Skills Section that require these abilities would be poor. Hence, 
knowledge about background experience in financial affairs would help interpret and 
correctly weight such poor performances. 
For the Background part of TAM I created a list of common questions about their 
demographic characteristics and socioeconomic status, as well as simple questions in 
regards to their financial involvement (e.g. do you have a credit or debit card, do you 
have investments or shares). 
The third part (‘Skills’) is a practical financial skills section whereby an individual 
will complete a series of tasks mimicking everyday financial management designed to 
mirror as closely as possible those performed in real-life. This part will provide 
insight to the real performance on the specific financial tasks. The Skills part has 
initially comprised of 30 multiple-choice questions as well as practical financial tasks.  
To devise and select the most relevant and useful items for each part of the instrument 
I consulted with subject matter experts from various fields (i.e., business, finances, 
economics, neuropsychology and law). They answered the following questions: i) 
whether the item or the question reflects everyday financial management activity, ii) 
which everyday financial management activity the question or the task reflects, iii) 
whether the question or the task was clearly and correctly formulated, and iv) whether 
the activity can be affected by MCI and dementia. After such consultations I retained 
33 questions to build the first part of the instrument and 23 for the third part.   
8.2 Pilot study towards the refinement of the instrument 
8.2.1 Objectives 
The aim of the pilot study was to ensure that all items were clear and unambiguous, to 
ensure that all questions were interpreted as intended (face validity). 
8.2.2 Participants 
A group of 25 older people were recruited from the Volunteer Panel of the 




was 71 (SD = 8.65) and the mean of their years of education was 16.5 (SD = 4.5). All 
participants were community dwelling, financially active retired older adults who 
were cognitively unimpaired at the time of testing (mean ACE-R of 97.35, SD = 2.44). 
Informed consent was obtained from all participants following a protocol that was 
approved by the Psychology Research Ethic Committee, University of Edinburgh. 
8.2.3 Method and Results 
An initial pool of 12 participants were assessed with TAM and were asked during a 
debriefing session about comprehensibility, ambiguity or sensitivity of the questions 
and tasks, and to make sure that the questions would not disclose the participant’s 
identity. Following this, adjustments to TAM were made, and the process was 
repeated with a second sample of 13 participants. Based on feedback from these 
respondents, a number of further alterations to the questions and response formats of 
items were made.  
Following these adjustments, the second wave of the pilot study was conducted, 
where the next 13 participants received the amended version of the questionnaire and 
were asked, as with the previous participants, to provide feedback for each question 
and the scale as a whole. 
In the first part of TAM (‘Awareness’), participants rated their current financial 
abilities compared to the same abilities 10 years before the interview. Each ability 
was rated using an 8-point Likert’s scale (0: never did before; 0: did it before, no 
longer necessary; 1: better; 2: no change; 3: questionable or occasional problems; 4: 
consistently a bit worse; 5: consistently much worse; 6: did it before unable to do it 
anymore). This allowed capturing the current level of one’s financial abilities. 
Responses falling within these categories would not affect the final score. 
With respect to the distribution of the questions across the eight theoretical domains, 
there are three questions related to memory, 7 questions related to organisation, 5 
questions related to planning and anticipating the future, 3 questions related to 
prioritizing, 4 questions related to language and calculation, 2 questions related to 




ECog scale, Farias et al. 2008), 4 questions relate to judgment, and 8 questions relate 
to financial decision making. 
The third part (‘Skills’) comprises questions as well as tasks. Correct answers are 
given a score of “1”, wrong or don’t know answers are given a score of “zero”. All 
questions varied in the difficulty level. At the beginning there are two questions 
regarding simple financial calculations (e.g., give the correct change from a 
“purchase”), ability to make up the certain amount of money (e.g., make 25p from the 
given coins and identify the value of 10 pound banknotes, what can you afford with 
this?) intertwining with financial conceptual knowledge (e.g., what is a mortgage?). 
The next series of questions is on the ability to recognize a financial scam from 
investment offers scenarios, whereby the participant after reading a financial offer 
should decide whether this is a scam or a fair deal. The final section includes tasks on 
the ability to handle financial documents such as recognize a bill and the amount of 
money that is to be paid, fill a deposit slip. In constructing the questions and tasks I 
was aiming to design them with various difficulty levels in order to reflect the fact 
that people have different levels of financial involvement. The other reason was in 
tracking the progression of cognitive decline that would reflect in deterioration of 
financial abilities.   
There are two questions that were taken from the financial literacy questionnaires on 
the fundamental economic concepts for saving decisions and on basic financial 
numeracy. These items were previously shown to be highly informative in evaluating 
the financial literacy of retired people (Lusardi & Mitchell, 20051). The item wording 
was not modified for any of these questions, but a number of additional response 
options were added. 
No further changes were identified in consultation with the second set of participants, 
and the resultant item set was carried forward to the psychometric validation study.  
                                               




8.2.3.1  Scoring procedure  
Awareness. The participant’s total score and the informant’s total score is calculated 
by adding scores from each of the 33 items. These scores (participant and informant) 
ranged from 0 (never been involved in finances) to 198 (completely unable to perform 
any more). By taking the participant’s total score away from the total score of the 
informant’s evaluation of the participant’s financial performance we can calculate the 
discrepancy score. In combination with the Skills part, this will confirm whether the 
discrepancy is due to the participant’s unawareness of the financial decline or due to 
the caregiver's misestimation of the participant’s actual performance. 
Background. As noted above, this section contains a variety of demographic questions 
and questions on everyday financial involvement. The response formats provide 
nominal category data which require no specialist scoring.  
Skills. A Performance score is obtained by summing up the tasks scores within each 
domain. If the item is performed correctly, the participant receives 1 point; if the 
response is incorrect or deficient (answers “don’t know”), the score is 0 with a 
possible maximum score of 23. 
8.3 Investigating the psychometric properties of the Skills part of 
TAM 
8.3.1 Objectives 
The primary aim of the Experiment was to investigate the psychometric properties of 
the TAM scale. In particular, analyses focussed on scale dimensionality, item 
performance in the whole sample, differences in performance across key demographic 
splits (gender and age), and scale reliability. The goal was to identify those items 
which may be reasonably removed or modified in later scale developments. 
8.3.2 Participants 
Three hundred and twenty-two participants recruited online and from the university 
volunteer panel completed TAM online. For the analysis we partitioned out 




The partition of younger and older respondents was based on both theoretical 
considerations of key ages for MCI and dementia (Geda, 2012) and on practical 
limitations in order to maintain sufficient sample sizes in both groups.  




The psychometric evaluation of the scale followed a series of steps to evaluate item 
performance using Item Response Theory (IRT) models. IRT models are ideally 
suited to scale development in clinical settings (Reise & Waller, 2009).  
8.3.3.1  Step 1.  Establishing unidimensionality 
Dimensionality refers to understanding whether all items load onto a single latent 
dimension (unidimensionality), or whether subsets of items load onto different latent 
dimensions (multi-dimensional). Unidiemsnionality is a key assumption for a 
number of IRT models (Embretson & Reise, 2013). Understanding item structure 




Here, the unidimentionality of the item set was established according to the 
combined evidence across a number of indices. First, I considered the results from 
parallel analysis (PA; Horn, 1965) and Velicer’s minimum average partial (MAP: 
Velicer, 1976) test. Both tests have performed well in simulation studies 
investigating methods for scale dimensionality. I used PA and MAP to define a 
plausible range for the appropriate dimensionality of the data, where PA would set 
the upper bound, and MAP the lower bound.  
Next, I considered model fit comparisons based on exploratory factor analytic 
solutions. I considered both overall fit, using empirically supported guidelines (Hu & 
Bentler, 1998), and the difference in fit between models with a sequentially 
increasing number of factors. Specifically, a model fits well if the root-mean-square 
error approximation index (RMSEA, Steiger & Lind, 1980) is <0.06 and the Tucker-
Lewis fit index (TLI; Tucker & Lewis, 1973) is ! 0.95. I also considered the 
improvement in fit demonstrated by the addition of an extra factor. Alongside model 
fit, the ratio of the first and the second eigenvalues were considered, with ratio’s 
more than 3.0 providing indicative support for unidimensionality (Slocum-Gori & 
Bruno, 2011). Finally, I considered the theoretical coherence of factor solutions with 
more than one factor, versus the theorized structure of TAM. 
Once an appropriate dimensionality had been established, I used the results from 
these factor models to remove items which did not appear to relate to any other items. 
This was assessed based on low item factor loadings, with items loading below 0.30 
considered for removal from subsequent IRT analysis.  
All analyses were performed using R version 3.3.3 (R Core Team, 2017) using the 
packages ‘psych’ (Revelle, 2016) and ‘mirt’ (Chalmers, 2012).  
8.3.3.2  Step 2.  Fitting 2PL model and assessment of item characteristic and 
test information curves  
After establishing latent trait unidimensionality, item performance was analysed using 
the two-parameter logistic model (2PL) that assumes that items differ both with 
respect to how difficult they are to answer (difficulty parameter (ai)), and how well 
they differentiate levels of the latent trait (θ) (discrimination parameter (bij)). 




Thissen (2000). It is based on a comparison of observed and predicted by the model 
item responses given an individual’s level of the latent trait (θ). Poorly fitting items 
were inspected with ICC. ICC is a non-linear regression line that expresses a subject’s 
probability of a correct response to each item. The slope of the ICC characterizes the 
discriminability of the item; item difficulty was characterized as the point along the 
theta continuum with a 50% chance of correctly answering the item. In the context of 
evaluating item performance of TAM, items that have large discrimination parameters 
and which span a range of difficulty levels will be retained. 
Item difficulty and discriminability parameters, standard errors, and summary 
statistics were obtained using maximum-likelihood estimation. The characteristic 
curves for each item were plotted for visual inspection. I calculated 2PL models using 
the mirt() R package (Chalmers, 2012), and item characteristic using irtoys() R 
package (Partchev, 2016). 
A second purpose of our IRT analyses was to explore the reliability of the total score 
on TAM. Reliability in IRT differs from conventional reliability metrics such as 
Cronbach’s alpha as with IRT models, reliability is assessed across levels of the latent 
ability factor (θ). For a given level of θ, if the amount of information is large, it means 
that an individual’s ability at that level can be estimated with higher precision and 
thus is more reliable. If the amount of information is small, it means that an 
individual’s ability at that level cannot be estimated with precision and the estimates 
will be widely scattered about the true ability.  
In order to investigate information across the range of measured ability, I computed 
the test information curve by plotting the amount of test information against ability. 
The curve will allow to identify how robust the test is in estimating ability over the 
whole range of ability scores. In evaluating TAM, I will calculate the range of ability 
levels that can be reliably assessed by identifying the range within which test 
information is greater than 10. This approximately corresponds to a classical test 




8.3.3.3. Step 3.  Evaluation of differential item functioning by age and 
sex 
Finally, I used Differential Item Functioning (DIF) analyses to identify differences in 
item parameters across groups. DIF occurs when individuals who have the same 
standing on the latent trait do not have the same probability of item endorsement 
(Edelen et al, 2006). In other words, DIF analyses identifies items which perform 
differently in different groups of individuals. Failure to identify items which show 
DIF can result in biased tests. Given the proposed use of the current measure, I 
investigated DIF across sex (Male vs. Female) and across age group (Younger vs. 
Older).  
The mirt() R package (Chalmers, 2012) was used to assess DIF. I set no anchors a 
priori; all items were tested for DIF by adding item constraints one item at a time. In 
the analysis by sex, the male group was my reference group, with the mean and 
standard deviation of the female group estimated (focal group). In the analysis by age 
group, the younger participants group was my reference group, with the mean and 
standard deviation of the older participants estimated (focal group). The test compares 
parameter estimates (difficulty level and discriminability of each item) across the 
reference and focal group. Wald tests based on the procedure proposed by Lord 
(1977), providing separate chi-square statistics for the discrimination and threshold 
parameters for each studied item, which are used to evaluate the presence of DIF. 
When DIF is detected, effect sizes for the threshold and/or slope parameters will aid 
the description and interpretation of the group differences (Steinberg & Thissen, 
2006). 
8.3.3.4. Step 4.  Item selection 
Based on the results of the whole sample and DIF analyses, items were selected for 
removal. Items which show DIF across either group, or which have poor 
discrimination in the total sample or sub-groups, were removed. Once items were 
removed, I re-calculated the test information in order to assess whether the removal of 





8.3.4.1  Step 1.  Establish unidimensionality 
Eigenvalues suggest one general factor: eigenvalues for first four factors were 7.83, 
1.71, 1.47 and 1.28, with a large ratio between the first and the second eigenvalues 
(4.5) when compared to the second and third (1.16). MAP suggested a single factor, 
whilst PA suggested 3 factors (See Figure 8.4 and 8.5). 


























Figure 8.5 Parallel Analysis Scree Plot 
 
 
Examination of model fit across the one (RMSEA = .076, TLI = .795), two (RMSEA 
= .064, TLI = .852) and three (RMSEA = .040, TLI = .91) factor models suggested, as 
expected, that fit improved as the number of factors increased. All models met 
minimum criteria for the RMSEA, and no models reached the minimum criteria 
according to the TLI. The difference in fit across models was significant (p< .001) 
according to the chi-square tests. Thus collectively, the suite of test of dimensionality 
suggested between one and three factors.  
In order to select between the solutions, I explored the item factor loadings. All items 
from the scale loaded significantly on one general factor with loadings above 0.3 for 
all items, except for three items (items 36, 37, and 38) with factor loading 0.03, 0.14, 
and -0.11 respectively. In the two-factor solution, 4 items loaded on the second factor 
(items 36, 37, 38, and 46), and on the 3-factor model items 38, 39, 40, and 41 formed 
the third factor. Neither 2 nor 3 factor-model seem to reflect a coherent theoretical 
interpretation. We inspected these items more closely.  
Taking all the above information into account, we retained a single factor model, 
primarily driven by the theoretical coherence of the model. Due to the low loadings 




8.3.4.2  Step 2.  2PL model. Test reliability. Item characteristics. 
Items characteristics 
Table 8.1 reports item parameter (difficulty and discrimination) estimates and their 
standard errors for the 2PL model. Item discrimination parameters were between 0.53 
and 4.38. Discrimination parameters greater than 1.70 are considered large and 
therefore have excellent discrimination capacity (Baker, 2001, pg. 34). Most of the 
items in the scale have an excellent discrimination. Item difficulty estimates were 
distributed between -1.80 and 0.19. This indicates that a majority of items are 
positioned at below, or just above average (theta= 0) levels of performance. Item 41 
has large and significant S-χ2, meaning that this item does not fit into a predicted 
response model. Inspecting its ICC and item discrimination, however, revealed that 
the item has an excellent discrimination capacity (a = 2.3) that is why I decided to 
retain item 41 for further inspection. 
Inspection of ICC (Figure 8.6) and parameter estimates indicates that Item 46 had a 
near-zero discrimination parameter (slope is 0.14) and subsequently a flatter ICC, 
suggesting that this item was poor in discriminating between respondents and thus 
yielded minimal psychometric information. Based on these findings, item 46 was 




Table 8.1 Item fit statistics and Item parameter estimates (SE) of a Two-parameter 
Unidimensional Item Response Model listed in ascending difficulty order 
Item Mean S_X2 p a SE d SE 
Q46 (Judgmental financial knowledge, 
financial scheme) 
0.52 5.71 0.93 0.53 0.14 0.19 0.24 
Q40(Conceptual financial knowledge) 0.53 6.82 0.74 1.61 0.26 -0.08 0.1 
Q39(Application of conceptual financial 
knowledge) 
0.55 10.68 0.30 2.25 0.35 -0.12 0.09 
Q41(Judgmental financial knowledge, 
financial scheme) 
0.61 23.3 0.003 2.3 0.36 -0.37 0.09 
Q35(Application of conceptual financial 
knowledge) 
0.66 13.71 0.32 0.96 0.17 -0.71 0.1 
Q32(Conceptual financial knowledge) 0.79 5.87 0.75 3.11 0.48 -0.84 0.09 
Q34(Application of conceptual financial 
knowledge) 
0.70 8.4 0.75 1.17 0.19 -0.84 0.16 
Q45(Judgmental financial knowledge, 
financial scheme) 
0.79 6.35 0.70 3.45 0.55 -0.87 0.09 
Q27(Mental calculation) 0.74 10.83 0.54 1.13 0.19 -1.07 0.18 
Q33(Mental calculation) 0.82 3.27 0.97 2 0.31 -1.2 0.13 
Q42(Judgmental financial knowledge, 
financial scheme) 
0.85 4.3 0.37 4.38 0.88 -1.23 0.09 
Q31(Knowledge the value of the item) 0.84 7.61 0.66 2.18 0.34 -1.27 0.13 
Q30(Knowledge the value of the item) 0.84 11.61 0.31 2.02 0.32 -1.3 0.14 
Q43(Judgmental financial knowledge, 
financial scheme) 
0.85 6.96 0.54 2.95 0.5 -1.3 0.11 
Q25(Conceptual financial knowledge) 0.83 9.31 0.59 1.71 0.27 -1.34 0.16 
Q47(Recognising parts of financial 
documents) 
0.86 13.53 0.19 1.94 0.32 -1.45 0.16 
Q28(Conceptual financial knowledge) 0.87 8.39 0.39 2.22 0.38 -1.55 0.15 
Q48 (Recognising parts of financial 
documents) 
0.83 14.71 0.19 1.32 0.23 -1.57 0.21 
Q29(Naming coins) 0.85 5.44 0.90 1.38 0.23 -1.62 0.21 
Q44(Judgmental financial knowledge, 
financial scheme) 
0.90 14.07 0.08 2.09 0.38 -1.72 0.18 
Q26(Naming notes and understanding 
the value) 
0.89 17.19 0.07 1.54 0.27 -1.8 0.22 
Note: S_X2 = goodness of fit index ,a = item discrimination with higher scores indicating higher 









Figure 8.6 Item Characteristic Curves (ICC) 
 
Maximal information in the whole sample for the final scale (23.92) is at the trait 
level (θ) of -1.04, with the reliable range of measurement (information > 10) for the 
ability range between -1.89 and -0.14 (See Figure 8.7). Therefore, TAM is best 
capturing moderately low to average levels financial abilities.  
Figure 8.7 Test Information Curve on dichotomously scored scale 
 
 


















8.3.4.3  Step 3.  Establish DIF by age and gender– remove any items 
which do not have DIF by age and by gender 
Parameters estimated for the 2PL model across younger and older groups individually 
are provided in Table 8.2. Most of the items were found to have very good 
discrimination abilities, with discriminating parameters ranging from 1.30 to 4.45. 
Items 42-45 in the younger sample were found to have very high difficulty and 
discriminating parameters (d = 16.56, 10.56, 10.15 and 13.24 respectively and a = 
12.52, 9.00, 7.38, 15.56) meaning that only those in the younger group at very high 
levels of the latent trait get these items correct. Generally, difficulty level for most of 
the items on the scale for younger participants was higher than for older participants. 
However, despite this, based on the Wald statistics, no DIF was identified across age 
groups in either the discrimination or difficulty parameters (Table 2). 
Table 8.2  Item parameters estimates and DIF results for different Age groups in ascending 
difficulty order 
                     <65 (n=83)                                  >65 (n=239) 
Item Mean a d Totalχ2  p Item Mean a d Total χ2  p 
Q46 0.41 1.3 -0.55 0.98 0.32 Q40 0.49 1.14 -0.05 -0.2 1 
Q39 0.55 2.12 0.25 -0.27 1 Q46 0.49 0.38 -0.03 -0.06 1 
Q40 0.55 1.49 0.45 -0.29 1 Q39 0.53 1.51 0.2 -0.32 1 
Q41 0.66 1.71 0.91 0.14 0.71 Q35 0.6 0.63 0.5 -0.18 1 
Q34 0.72 1.22 1.13 -0.35 1 Q41 0.6 1.83 0.68 -0.065 1 
Q35 0.72 1.24 1.13 0.09 0.76 Q34 0.66 0.85 0.86 -0.29 1 
Q27 0.77 1.41 1.55 -0.072 1 Q27 0.7 0.81 1.06 -0.19 1 
Q30 0.8 1.92 2.01 -0.21 1 Q48 0.82 0.84 1.87 -0.03 1 
Q47 0.88 1.58 2.69 -0.08 1 Q25 0.81 1.09 1.96 0.45 
0.
5 
Q29 0.84 2.36 2.7 0.33 0.56 Q33 0.8 1.31 2.05 0.21 1 
Q48 0.84 2.58 2.85 0.96 0.32 Q29 0.84 0.97 2.15 -0.17 1 
Q31 0.84 2.81 2.99 -0.16 1 Q45 0.75 2.27 2.41 1.22 
0.
27 
Q32 0.82 4.46 3.92 0.001 0.97 Q26 0.86 1.03 2.43 1.16 
0.
28 
Q25 0.86 4.06 4.43 1.27 0.26 Q32 0.75 2.43 2.44 -0.16 1 
Q33 0.85 4.96 4.86 0.98 0.32 Q31 0.83 1.74 2.78 -0.24 1 
Q28 0.92 3.19 5 0.095 0.75 Q47 0.84 1.7 2.9 -0.17 1 
Q26 0.92 4.04 5.94 1.43 0.23 Q30 0.84 1.82 3.04 -0.34 1 
Q44 0.92 7.35 9.78 2.41 0.12 Q44 0.89 1.3 3.05 1.85 
0.
17 
Q43 0.89 9.14 10.36 2.3 0.13 Q28 0.86 1.63 3.11 -0.02 1 
Q45 0.84 12.48 10.65 2.19 0.14 Q43 0.85 2 3.3 1.56 
0.
21 
Q42 0.92 11.35 14.59 1.57 0.21 Q42 0.84 3.19 4.66 1.33 
0.
24 
Note: a = item discrimination with higher scores indicating higher discrimination, d  = item 




Visual inspection of the item curves (Figure 8.8), and inspection of the item 
parameters in Table 8.2, reveals again that Item 46 has low difficulty level for both 
age groups and has very low discrimination.  
Figure 8.8 Item Characteristic Curves (ICC) for different age group 
 
Parameters estimated for the 2PL fit for different gender groups individually are 
provided in Table 8.3 and ICC for the parameters in Figure 8.9. Most of the items 
were found to have high discrimination parameters ranging from 0.80 to 4.18. Again, 
Item 46 was found to have the lowest discrimination parameter in both gender groups. 
Generally, difficulty level for most of the items on the scale for male participants was 
higher than for female participants. However, despite this, based on the Wald 
statistics, no DIF was identified across gender in either the discrimination or difficulty 




Table 8.3 Item parameters estimates and DIF results for different gender groups (excluding those, 
who refused to identify their gender (n = 67)) in ascending difficulty order 
 
MALE (n = 116) 
  
FEMALE (n = 139) 
Item Mean a d Total χ2 a (df) p 
 
Item Mean a d Total χ2 a (df) p 
Q46 0.44 0.59 -0.24 0.36 0.55  Q39 0.54 1.46 -0.07 0.01 0.93 
Q40 0.47 2.11 -0.19 0.17 0.68  Q46 0.51 0.26 -0.01 0.23 0.63 
Q39 0.49 2.13 -0.06 0.05 0.81  Q40 0.58 1.01 0.22 0.03 0.87 
Q41 0.55 3.55 0.37 0.35 0.55 
 
Q41 0.62 1.32 0.37 0.02 0.9 
Q27 0.66 0.83 0.76 0.05 0.82  Q35 0.63 0.53 0.46 0.13 0.72 
Q35 0.67 1.22 0.9 0.29 0.64  Q34 0.68 0.69 0.76 0.05 0.82 
Q34 0.68 1.08 0.92 0.07 0.78  Q27 0.78 0.95 1.45 0.02 0.89 
Q33 0.74 1.89 1.67 0.02 0.89  Q25 0.79 1.04 1.55 0.07 0.79 
Q45 0.69 3.26 1.84 0.06 0.81  Q29 0.83 0.95 1.85 0.02 0.89 
Q29 0.83 1.18 1.98 0.06 0.8  Q48 0.87 1.23 2.3 0.04 0.85 
Q48 0.84 1.4 2.19 0.03 0.87  Q30 0.86 1.33 2.36 0.05 0.82 
Q25 0.82 1.76 2.24 0.12 0.72  Q32 0.8 2.34 2.41 0 1 
Q26 0.84 1.48 2.24 0.05 0.82  Q31 0.85 1.7 2.56 0.08 0.78 
Q47 0.81 2.02 2.32 0.003 0.95  Q44 0.9 1.44 3.04 0.07 0.78 
Q32 0.72 3.99 2.54 0.11 0.74  Q47 0.87 1.96 3.04 0.01 0.9 
Q30 0.81 2.56 2.71 0.14 0.7  Q33 0.88 1.73 3.06 0.01 0.92 
Q43 0.84 2.49 2.98 0.02 0.88  Q26 0.92 1.23 3.1 0.04 0.84 
Q31 0.83 3.2 3.44 0.15 0.7  Q28 0.9 1.53 3.14 0.09 0.77 
Q44 0.89 2.3 3.6 0.08 0.78  Q45 0.81 3.78 3.67 -0.01 1 
Q28 0.86 2.94 3.61 0.18 0.67  Q43 0.88 2.73 4.16 0.02 0.88 
Q42 0.81 4.39 4.17 0.13 0.71  Q42 0.9 2.99 4.87 0.09 0.76 
Note: a = item discrimination with higher scores indicating higher discrimination, d  = item 












Figure 8.9 Item Characteristic Curves (ICC) for different gender group 
 
8.3.4.5  Step 4.   Item selection 
I eliminated all the poorly fitted items and items with poor discriminability (Items 36, 
37, 38 after the first step and Item 46 after initial reliability analysis) and analysed the 
final, shorter scale. Maximal information in the whole sample for the final scale 
(25.28) is at theta = -1.07, with the reliable range of measurement (information > 10) 
for the ability range between -1.89 and -0.14 (See Figure 8.10) which is not very 
different from the test information curve that I had initially (See Figure 8.7). As 
removing these items added little value in improvement of the test information, I 
decided to retain all the items to explore further on clinical population to ensure their 










Figure 8.10 Test Information Curve 
 
8.4 Discussion of steps towards the development of TAM 
I used a two-parameter IRT model to analyse the psychometric properties of the Skills 
part of TAM and establish the best items that would describe financial abilities of 
participants in different age and gender groups. First, I found evidence of 
multidimensionality due to item clustering, but this multidimensionality did not 
distort the primary dimension. A unidimensional model was therefore sufficient to 
describe financial ability, as measured by TAM. This multidimensionality of the 
financial construct was supported by studies carried by Marson et al (2000) and 
Kershaw and Webber (2008). 
Secondly, the analysis suggests that TAM measures most reliably at low to average 
levels of financial ability, meaning that TAM is potentially a good financial measure 
for people with limited financial proficiency, which is in keeping with the design and 
intended use of the instrument with elderly retired people and people with cognitive 
impairment. In addition, all the items in TAM proved to have a good discrimination 
capacity and were distributed with respect to difficulty level within this specific 
discriminability range. Collectively the results suggest that TAM has initially 




Third, I assessed item functioning across different gender and age groups. Results did 
not reveal any DIF in the scale. If there were items that would perform differently 
across different groups the results from the scores from males and females and from 
young and old adults would be incompatible. The results indicate that tendency to 
endorse the item should only reflect the ability level and should not be affected by 
variables such as gender and age.  
TAM was constructed in a way to address different level of financial abilities and 
financial knowledge and also to track progression of cognitive impairment over time, 
the tasks and questions were designed with various levels of difficulties. There were 
several main domains in TAM: recognising coins and notes and understanding the 
value, mental calculation, conceptual financial knowledge and its application, 
judgmental financial knowledge and abilities to recognise scams, and recognising 
parts of financial documents and being able to feel them in. Each domain contains 
easy and difficult items. The most difficult items (40 to 79 % correct answers) 
disregard the age and gender were judgmental financial knowledge (Q41 and Q46), 
conceptual financial knowledge (Q 32 and Q40) and its application (Q35 and Q39). 
Items with medium difficulty (80 to 90 % correct answers) were items on judgmental 
financial knowledge (Q45), application of financial knowledge (Q34) and tasks on 
mental calculation ( Q27 and Q33). Easy items (82 to 92% correct responses) 
judgmental financial knowledge (Q42, Q43 and Q44), conceptual financial 
knowledge (Q25 and Q 28), naming coins and notes and understanding the value 
(Q26, Q 29, Q30, and Q31) and recognising parts of the financial documents and 
being able to fill them in (Q47 and Q48). 
Nevertheless, these results should be interpreted with caution as they were drawn 
from relative small samples and thus the statistical power to detect DIF was low. IRT 
models are very sensitive to sample size. For 2PL model, sample sizes of 500-1000 
participants are sufficient (Tsutakawa & Johnson, 1990), Similarly, Reise & Yu (1990) 
recommended approximately 500 participants, which in the scope of my PhD was 
unfortunately very difficult to achieve. Another limitation of this part of the study is 






Chapter IX   
Financial abilities in people with cognitive impairment 
(feasibility study) 
9.1 Introduction 
Everyday financial abilities, as I already stated throughout this thesis, are considered a 
higher order cognitively mediated functional activity (Marson et al., 2013) and 
therefore sensitive to early cognitive decline. In the pioneering research (see Section 
7.3.1) by Marson et al. (2000) they demonstrated that Healthy Controls (HC) 
performed better than mild-AD patients that in turn performed better than patients 
with moderate AD on Financial Capacity Instrument (FCI) and that in all financial 
domains except basic monetary skills these two patient groups were equivalently good. 
In this study he noted that there is a great deal performance variability in mild-AD 
patients that imply that there are other factors that affect financial abilities. In a follow 
up study by Griffith et al. (2003) from Marson’s group their aMCI patients performed 
worse than HC, but better than mild AD suggesting that financial ability decline 
already exists early in the course of the disease. In the one-year follow-up study they 
showed a similar pattern of decreased financial abilities, in addition, patients with 
aMCI decline more on cheque-writing task, but not in their understanding of the 
concept. Patients with mild-AD declined in their abilities to detect fraud (Martin et al., 
2008; 2013). FCI was also shown to be sensitive to decline of financial abilities in 
patients with Parkinson’s disease and dementia (Martin et al., 2013). Another domain 
specific tool – Financial Competence Assessment Inventory (FCAI), developed by 
Australian research group (Kershaw & Weber, 2008), was able to discriminate 
between HC and patients with cognitive impairment (See Section 7.3.2).  
AD patients are known to frequently minimise, fail to recognise or deny all together 
their cognitive and functional problems (Vasterling et al., 1995). This symptom that 
was coined by Babinski (1914) as anosognosia is very common even in the early 
stages of AD (Sevush, 1999; Farias et al., 2005) and the degree of unawareness grows 
with the disease progression (Vasterling et al., 1997). Diminished awareness of 




2002; Tabert et al., 2002). If this is also true for everyday financial abilities, 
unawareness of financial impairment or Acreemagnosia can be a very early functional 
symptom of AD. There is only one study, conducted by Cramer et al. (2004, see also 
Section 7.3.3), which addresses this question. They developed the Measure of 
Awareness of Financial Skills (MAFS) and in a sample of HC and patients with 
various types of dementia show the lack of awareness of the financial deficit in 
patient groups. As I stated in the Section 7.3.3, their patients’ sample was very 
heterogeneous and in addition they did not have a group of patients that would show 
mild impairment.  
In my last experiment, I aimed to explore how financial abilities decline in a group of 
patients with various degrees of cognitive impairment and older healthy controls. I 
also had an interest in unveiling which tasks are the most susceptible to cognitive 
decline. I hypothesised that financial abilities of patients with cognitive impairment 
will be compromised in comparison to those of healthy older adults and in addition 
they will be unaware of this deficit. The tasks that require more complex cognitive 
organisation would be impaired in patients with MCI compare to HC.  
The other aim of this experiment was to investigate the neurocognitive basis of the 
financial impairment in patients with cognitive impairment. Previous study by 
Okonkowo et al. (2006) using the FCI showed that despite the fact that memory is a 
primary deficit in MCI patients; attention and EF (See Abbreviation List) were the 
primarily cognitive domains that significantly correlated with FCI performance. If EF 
function deficit is a robust predictor of financial decline, in my study this cognitive 
domain should be also associated with performance on TAM.  
9.2 Methods  
9.2.1 Participants 
To evaluate the validity of TAM to discriminate between different levels of cognitive 
impairment we recruited 24 healthy control volunteers (HC), 14 patients with 
amnestic Mild Cognitive Impairment (a-MCI) and 14 patients with mild-Alzheimer’s 
disease (mild-AD) (Haxby et al., 1992). The diagnosis was made by an old age 




MCI and those from the Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM-V) (American Psychiatric Association, 2005) and the National Institute 
of Neurological and Communicative Disorders and Stroke–Alzheimer’s Disease and 
Related Disorders Association (NINCDS-ADRDA, McHann et al., 1984) to detect 
AD. T 
HC were recruited from the volunteer panel of the University of Edinburgh. Informed 
consent was obtained from control participants, MCI and AD patients, and their carers. 
The study was approved by the Psychology Research Ethics Committee, University of 
Edinburgh and by the West Midlands MREC. 
9.2.2  Procedures 
9.2.2.1  Background Neuropsychological tests 
General cognitive functions: The Addenbrooke’s Cognitive Examination Revise 
(ACE-R; Mioshi et al., 2006). A brief measure of global cognitive function which 
incorporates five sub-domain scores (orientation/attention, memory, verbal fluency, 
language and visuo-spatial). The maximum score is 100 with the 88-82 cut-off score 
that signaling about cognitive impairment (Mioshi et al., 2006).  
The Test of Premorbid Function (TOPF; Pearson assessment, 2009) is a reading test 
as an estimate of the premorbid functioning in neurodegenerative brain disorders. The 
test consists of 70 words that are presented in the ascending difficulty order with 
regular words at the beginning following on with further, more irregular and complex 
words. The maximum raw score is 70.  
Executive functions: Participants completed two measures of executive function. 
The Trail Making Test (TMT parts A & B) (Reitan, 1992) was used to assess simple 
and complex visual scanning. The simple version of the task required participants to 
draw a line between circles according to a sequence (numbers). The complex version 
of the task required participants to alternate between two sequences (numbers and 
letters) while drawing lines to connect circles. 
Memory: Free and Cued Selective Reminding Test (FCSRT) (Buschke et al., 1984) 




participant was presented with written words presented on cards, 4 words at a time on 
one card with 16 items in total. The participant was asked to point and name a word 
(e.g., “Please point and name a fruit”). Once all of the 4 items on a card were 
identified, the card was removed and the participant would complete an immediate 
free recall of the seen words, then, if some of the words were not recalled, the 
participant was given a cue for this/these words (e.g., “What was the fruit”) in the 
same order they were encoded.  Then, when all 16 items were seen, the participants 
were asked to freely recall all items without any order and then with the cue if some 
of the words were not recalled. This process was repeated three times. Following a 
delay of approximately 20 minutes, the participant was asked to recall words again 
freely and cued. Memory for free, cued and total recall was measured at the end by 
summing up all the words recalled freely or with cues. 
Temporary Memory Binding Test (TMB). See Sections 2.1.3 and 2.2.2.  
9.2.2.2. Background Functional test 
Functional abilities were assessed with several functional ADL scales: the Lawton 
Instrumental Activities of Daily Living (IADL) (Lawton et al., 1969), Everyday 
Cognition (ECog) (Farias et al., 2008), and Extended IADL (EIADL) (Fieo et al., 
2014) (See Section 6.2.2.2 for description). 
The Acreemagnosia Measurement (TAM) (See Section 8.2.3 for description of the 
parts and 8.2.3.1 for scoring procedure, also See Appendix #A for all tasks included 
in TAM). 
9.3 Analyses 
All analyses were performed using R version 3.3.3 (R Core Team, 2017) using the 
packages ‘psych’ (Revelle, 2016) and ‘mirt’ (Chalmers, 2012).  
Scores from two sections of TAM (the Skills part and the Awareness part) were 
compared across the three groups using one-way analysis of variance controlling for 
age, followed by Bonferroni-corrected post-hoc tests. Post hoc comparisons were 
carried out across groups for each part of the test (3x1 = 3 contrasts for Skills and 




To check if age and education has influence on TAM performance and to delineate 
the relationship between different cognitive domains and financial abilities, Pearson 
product correlations were calculated between scores on TAM, age, education and 
cognitive tests for each group. The Bonferroni-corrected alpha level was set at 0.01 
9.4  Results 
The demographics and neuropsychological profiles of HC and the two groups of 
patients are shown in Table 9.1.  
Table 9.1 Demographic, neuropsychological and functional measures for the three groups of 
participants. 
  
HC MCI                        AD 
(N =24) (N =14) (N = 14) 
  Mean (SD) Range Mean (SD) Range Mean (SD) Range 
Age 72.50 (4.52) 64-81 74.00 (7.40) 55-84 76.75 (9.21)* 56-88 
Education 
(years) 14.65 (3.48) 10-20 14.69 (2.93) 10-18 13.67 (2.99) 09-18 
TOPF 63.44 (8.14) 49-86 62.54 (4.79)# 55-68 55.57 (10.20)* 37-68 
ACE-R 95.3 (3.24)^ 89-100 88.27 (5.93)# 81-98 73.07 (10.69) * 54-90 
FCSRT 29 (6.98)^ 20-35 17.33 (7.55)# 06-32 7.08 (4.46)* 01-15 
ECog 36.81 (6.48) 29-51 45.00 (9.95) 30-68 49.08 (26.31)* 20-89 






493.55 120.53 (85.06) * 1.02-358.56 
EIADL 26.81 (4.58) 20-34 24.54 (5.39)# 12-32 19.29 (4.51)* 10-24 
Lawton 7.88 (0.49)^ 06-08 6.69 (1.49)# 04-08 6.79 (1.37)* 04-08 
Binding 0.90 (0.12)^ 0.65-1.00 0.82 (0.13)# 0.50-1.00 0.70 (0.09)* 0.50-0.84 
Note: ACE-R - The Addenbrooke's Cognitive Examination – Revised (Mioshi et al., 2006), TOPF - 
Test of Premorbid Functioning (Wechsler et al., 2011); FCSRT – Free and Cued Selective 
Reminding Test – total score (Grober et al., 2009), ECog – Everyday Cognition (Farias et al., 2008), 
TMT A-B - Trial Making Test (Army Individual Test Battery, 1944); Lawton - the Lawton 
Instrumental Activities of Daily Living (Lawton and Brody, 1969), EIADL - Extended IADL (Fieo 
et al., 2014), Binding – Temporary Memory Binding test (Parra et al., 2014; 2015). 
^ HC significantly different between HC and both MCI and mild-AD 
# MCI differ significantly from mild-AD 
* mild-AD differ significantly from both HC and MCI 
Table 9.2 shows overall performance on the different parts of TAM for each group. 




older adults and their relatives. AD patients’ awareness score was very low compared 
to the score of the MCI people and older adults.  
On the Skills part of TAM the main effect of Group (HC, MCI, AD) was significant, 
F (2, 42) = 6.7, p < 0.01. MCI patients scored significantly worse than HC on both the 
Awareness and Skills parts of TAM, and patients with AD scored worse than both HC 
and MCI. 
 
Table 9.2 Performance on TAM achieved by the three groups 
  
HC MCI AD 
(N =24) (N =14) (N = 14) 
 Mean (SD) Range Mean (SD) Range Mean (SD) Range 
TAM Self  58.09 (11.21) 41-74 58.21 (10.02) 45-80 58.09 (14.63) 54-87 
TAM 
Informant 
58.09 (11.21) 41-74 51.21 (49.20) 0-158 72.64 (54.15) 0-158 
TAM 
Awareness 




0.85 (0.09) 0.71-1.00 0.82 (0.07) 0.71-0.96 0.62 (0.15)* 0.42-0.88 
Note: TAM Self – TAM Awareness part completed by the participant; TAM Informant – TAM 
Awareness part completed by proxies; TAM difference  – difference between TAM Self and TAM 
Informant that shows the level of participant’s awareness of financial skills. 
# MCI differ significantly from HC 
* mild-AD differ significantly from HC and MCI  
 
Table 9.3 shows the performance of the HC and the patients on the individual items 
of the TAM. The aim of this analysis was to investigate which test components of 
TAM show larger between-group (HC and people with cognitive impairment) 
discrepancies. Patients with mild-AD had an impaired performance on the judgmental 
knowledge and recognition items of financial documents. Both patient groups 





Table 9.3 Performance on the different items of TAM by the three groups  
  
HC MCI AD 
(N =24) (N =14) (N = 14) 
Item Mean Mean Mean 
Q25 (Conceptual financial knowledge) 0.7 0.64 0.43 
Q26 (Naming notes and understanding the value) 0.94 0.93 0.93 
Q27 (Mental calculation) 0.82 0.93 0.64 
Q28 (Conceptual financial knowledge) 1 0.78 0.57* 
Q29 (Naming coins) 1 1 1 
Q30 (Knowledge the value of the item) 1 0.93 0.93 
Q31 (Knowledge the value of the item) 0.94 1 1 
Q32 (Conceptual financial knowledge) 0.88 0.92 0.71 
Q33 (Mental calculation)  1 0.57# 0.64* 
Q34 (Application of conceptual financial knowledge) 0.82 0.78 0.78 
Q35 (Application of conceptual financial knowledge) 0.47 1# 0.43 
Q36 (Mental calculation) 1 0.86 0.86 
Q37 (Conceptual financial knowledge) 0.65 0.86 0.93 
Q38 (Application of conceptual financial knowledge) 0.71 0.71 0.43 
Q39 (Application of conceptual financial knowledge) 0.59 0.78 0.5 
Q40 (Conceptual financial knowledge) 0.76 0.78 0.21* 
Q41 (Judgmental financial knowledge, financial 
scheme) 
0.70^ 0.21 0.21 
Q42 (Judgmental financial knowledge, financial 
scheme) 
0.88 0.78 0.43* 
Q43 (Judgmental financial knowledge, financial 
scheme) 
0.88 0.85 0.28* 
Q44 (Judgmental financial knowledge, financial 
scheme) 
0.82 0.78 0.43* 
Q45 (Judgmental financial knowledge, financial 
scheme) 
0.94 0.78 0.43* 
Q46 (Judgmental financial knowledge, financial 
scheme) 
0.94 0.93 0.86 
Q47 (Recognising parts of financial documents) 1 0.92 0.78* 
Q48 (Recognising parts of financial documents)  1 0.92 0.57* 
^HC significantly different from both MCI and mild-AD 
#MCI differ significantly from mild-AD 
*mild-AD differ significantly from HC and MCI  
Pearson product correlations between scores on TAM and cognitive tests are 




with both parts of TAM for healthy controls and MCI patients, but not for mild-AD 
patients where education has a very strong and highly significant correlation with the 
Skill Part. In the healthy control group all correlations with cognitive measures are 
non-significant and weak for both sections of TAM. On the contrary, moderate to 
strong significant correlations are found with some cognitive measures and 
specifically with the memory tests in MCI group. Fluency test and total free recall of 
FCSRT correlate strongly and significantly with TAM skills part in AD patients. 
Table 9.4 Correlations between scores on TAM and demographics and cognitive tests 
 HC MCI Mild-AD 









Age -.12 .25 -.12 .18 .24 -.10 
Education .34 -.07 .34 .40 .99* .09 
TOPF -.35 .18 .40 -.03 .21 -.10 
ACE-R -.15 .38 .52* -.20 .30 .64 
ACE-R subscale:       
attention -.05 .00 .36 -.05 .52 .38 
memory -.20 .48 .62** -.22 .57 .83 
fluency -.15 .07 .39 -.09 -1.00*** -.20 
language .13 -.11 .40 -.30 -.12 -.55 
VSP .16 -.12 .19 -.13 .49 -.69 
FCSRTtotalfree -.84 -.13 .72** .03 .76* .60 
FCSRTtotalREC .16 .06 .43 .00 .91 .14 
TMT A-B .15 .31 .22 -.04 -.24 .46 
Binding .02 -.14 .25 -.13 .47 .53 
Note: p< .001****; p<.001***; p<.01 **, p< .05 * 
The relationship between TAM and measures of daily functions is displayed in Table 
9.5. Positive moderate correlations emerged between TAM and subscales of IADL 
that measures similar skills, namely finances, and social skills for MCI patients but 
not for healthy controls or for mild-AD patients. As there is no variability in the 
Awareness part for HC (HC and their proxy did not differentiate in their answers in 
the Awareness part of TAM) it accounts for absence of the correlations between this 




Table 9.5  Correlations between scores on TAM and functional scales 
 HC MCI Mild-AD 











Ecog .26 - .24 .37 .44 -.55 
EIADL .04 - .47* -.23 -.10 .49 
Social activity .46 - .60** -.19 -.19 -.08 
Lawton .30 - .03 -.21 -.26 -.52 
Finances - - .48* -.12 .25 .23 
Shopping .30 - .30 .12 .28 .47 
TAM Awareness -.44 - .18 1.00 .29 1.00 
Note: p< .001****; p<.001***; p<.01 **, p< .05 * 
 
9.5 Discussion of the feasibility study 
In order to assess financial abilities researchers and clinicians are currently using 
ADL/IADL scales that do not sufficiently address the intricacy of everyday financial 
requirements. There are several financial scales that have been devised to particularly 
look at financial abilities, competence, and awareness. Unfortunately these scales are 
unavailable for use (see my review of these scales in Section 7.3).  
Dealing with AD, MCI patients and their caregivers we, as several others, are 
observing how often they lack financial competence and are unaware of this 
impairment. The term Acreemagnosia was created to label this symptom in order to 
frame it as a specific cognitive difficulty which could hamper the independent daily 
life of people at different levels of cognitive competence. Importantly, often also the 
carers are not fully aware of the patient’s impaired financial knowledge. There are 
numbers of unanswered questions about Acreemagnosia. To address them and further 
explore the symptom we developed the Acreemagnosia Measurement that combines 
subjective, objective and performance-based measures and reflect everyday financial 




One of unresolved questions that this experiment aimed to address is whether 
Acreemagnosia is already present in patients with MCI. To my knowledge, there are 
no studies that would include healthy older controls and MCI patients against which 
to compare AD patients’ financial abilities.  
In this experiment I showed that practical skills associated with financial abilities are 
impaired in AD that corresponds to the findings by Marson et al. (2000) and Kershaw 
and Webber (2008). My analysis demonstrates that patients with mild-AD performed 
equivalently to healthy people on TAM’s tasks such as naming coins and knowing the 
value of the item, that are easy to perform (“easy” and “difficult” TAM items see 
Section 8.4). Difficult items such as financial judgment, conceptual financial 
knowledge, and mental calculation (medium difficulty items), showed impaired 
performance of mild-AD patients relative to both healthy controls and MCI patients. 
In addition, comparing healthy older controls with MCI patients showed worse 
performance on financial judgment and mental calculation. The outcome of this 
feasibility experiment is limited by the small sample size. Despite this limitation, the 
results indicate that mild-AD patients, and to a lesser degree MCI patients, show 
impairment in everyday financial abilities and this impairment starts from the 
declining financial judgemental knowledge.  
The other unanswered question that the experiment was aiming to resolve is if 
patients with early cognitive impairment are already presenting with Acreemagnosia.  
Analysis shows that there was no discrepancy between HC and their relatives’ 
answers in TAM, indicating that these participants are fully aware of their financial 
abilities. However, there was a discrepancy in the patient groups which grew from 
MCI to dementia stages. Therefore, patients with MCI and mild-AD are often 
unaware of their financial difficulties, demonstrating that they present with 
Acreemagnosia, thus confirming the sensitivity of TAM to capture such impairments. 
According to Vasterling et al. (1995), unawareness of the impairment in AD patients 
depends on the disease progression and starts with the functioning that requires more 
advanced cognitive processing, my experiment fully supports this statement. 
TAM has several advantages over the existing scales. Firstly, it is individual-centred 
tool that is designed to assess financial abilities in people with various degree of 




financial abilities and actual financial knowledge. While proxy-reports may provide 
useful information, they may be inaccurate and biased due to their subjective nature. 
The same holds for self-assessment measures and even more so for patients with 
cognitive impairment that start to experience a degree of anosognosia early in the 
course of the disease. The use of objective performance-based measure is of much 
advantage. As the Practical Part of TAM contains tasks from various financial spheres, 
clinicians and researchers can detect which part of financial abilities the patients is in 
much disadvantage and advise to their carers. In addition, the deterioration progress 
from the most complex financial task to the easy tasks can signal of disease 
progression. In addition to that, TAM assesses awareness of financial abilities. As I 
stated before, anosognosia can be the first symptom of cognitive decline. In the 
experiment, some MCI patients were not fully aware of the difficulties they 
experience with regards to financial abilities. This is important in clinical and 
practical ways. Firstly, anosognosia of Acreemagnosia can be the first functional sign 
of cognitive decline and the assessment of Acreemagnosia should therefore become 
an integral part of the assessment of patients with cognitive decline. Reduced 
awareness of financial abilities can pose a challenge on families and carers of patients, 
as they can be a target of financial scams, exploitation and unintentional self-
impoverishment.  
 Unfortunately, in the experiment reported here due to the time constrains and 
difficulties with the access to patients, the sample size of MCI patients was rather 
small and very heterogeneous: some of the patients had prior expertise on finances 
and two of the patients were current accountant advisors for charity shops. Other 




Chapter X   
Discussion of the part on the development and 
validation of TAM  
During this study and in my previous clinical work as a forensic psychiatrist I have 
observed when dealing with AD, MCI patients and their caregivers, how often they 
lack financial competence and are unaware of this impairment. In order to assess 
financial knowledge, researchers and clinicians are currently using ADL/IADL scales 
that do not sufficiently address the intricacy of everyday financial requirements. 
Almost every IADL scale has a question on everyday financial abilities. However, 
these questions are usually very general inquires of the participant’s problems to deal 
with everyday financial tasks. Another limitation across IADL scales is that they are 
not providing information on whether there is a decline in performance or if the testee 
has always had problems with finances. Lastly, commonly used ADL/IADL 
questionnaires inquire if the person is capable of preforming a particular task, in other 
words require the assumption of ability to perform. Standard scales cannot answer 
that question on whether the person can actually perform the task. There are a few 
financial scales devised to look particularly at financial abilities, competence, and 
awareness. Unfortunately, these scales are unavailable for use and are not fully 
validated.  
We coined the term Acreemagnosia to label this symptom in order to frame it as a 
specific cognitive difficulty which could hamper the independent daily life of people 
at different levels of financial competence. Importantly, often also the carers are not 
fully aware of the patient’s impaired financial knowledge. There are numbers of 
unanswered questions about Acreemagnosia; in order to address them and further 
explore the symptom, I developed TAM that reflects everyday financial involvement 






A multi-domain approach.  
Usually functional scales are presented either as self- or proxi-questionnaires or 
performance-based tools. I constructed TAM by combining these methods of 
assessments. The reason for that was mainly two-fold. Firstly, TAM assesses 
awareness of the participant of one’s financial abilities by calculating the discrepancy 
between self- and proxy questionnaire scores. Unawareness of functional limitations 
is one of the symptom of cognitive decline (Okonkowo et. al., 2008; Amanzio et.al., 
2013) and unawareness of financial limitations in addition to that can lead to 
exploitation of the person with cognitive decline and leads to family burden and 
hamper independent living.  
Secondly, reliability and validity of the information obtained from report-based is 
dependent on the accuracy of the reporter, that is most of the time prone to bias. TAM 
is assessing an actual performance rather than perception of one own performance. It 
enables participant to enact financial tasks and therefore more objectively measure the 
level of financial abilities.  
Multi-dimensional concept 
The pioneer research by Marson et al. (2000) showed that financial abilities are a 
multi-dimensional construct that incorporates several domains (See more on that in 
the Section 7.3.1). I aimed to support and incorporate this idea, inquire deeper and in 
more detail about the financial abilities. After consultation with the professionals in 
the area, we constructed items and tasks that would reflect this multi-dimensionality 
and the complexity of real-world financial challenges; and to approximate post-
retirement financial behaviour. Based on that TAM evaluates the following financial 
tasks: 1) Being able to recognise different notes and coins and know what you can 
buy with a certain amount of money, 2) Ability for mental calculation, 3) Know 
financial concepts and being able to apply them, 3) knowing the main financial forms, 







Hierarchy of the items 
To my knowledge, TAM is the first measure that was constructed in order to apply it 
for people with different levels of financial knowledge. TAM reliably measures 
peoples’ financial abilities at average and low financial proficiency. This was exactly 
the aim of the measure as it was intended for people after retirement and patients with 
cognitive impairment.   
This other methodological issue that TAM addresses is to show a formal hierarchy of 
the financial items: what are the “easy ”, “moderate” and “difficult” items by using 
the IRT model. This was not addressed in the existing scales. The most difficult items 
were shown to be financial judgment, knowledge in financial concepts and applying 
these concepts (e.g. knowing what is the profit and maximum of the profit you can get, 
you make more weighted decision on the investment).  
Gender and age non-specific 
Differential Item Functioning analysis showed that TAM performance is not affected 
by age or gender. This is a very interesting finding and might reflect a change in 
social norms, lifespan development (or a cohort effect). Financial strategies and 
decisions naturally change over the course of the lifespan, which makes comparisons 
between working middle-aged adults and retirees difficult. Adults in the middle age 
range often face with important financial decisions that have long-term consequence, 
such as those related to retirement, investing, and insurance. However, older adults 
after retirement nowadays are usually still quite active in financial life and actively 
use all modern technologies and innovations.  
Gender was often hypothesised to be an important moderator of financial abilities. 
Early studies stated that in general, women tend to report lower levels of financial 
knowledge and make overly conservative financial choices, resulting in lower 
earnings and return on investments (Gecas, 1989). Nowadays the picture is different 
and women have a very active financial position where they have equal access to 
investments, they participate in the financial life equally with males and make most of 





MCI patients are already present with Acreemagnosia 
Finally, in the last experiment with patients with cognitive impairment I showed that 
Acreemagnosia is already present in patients with early cognitive decline and patients 
with MCI demonstrate lower accuracy in their estimation of their financial abilities. 
Acreemagnosia starts from the diminished ability in financial judgment; they had 
difficulties detecting fraud scenarios. Mild-AD patients, apart from being impaired in 
the financial judgment domain, had difficulty with financial conceptual tasks and in 
manipulating these concepts.   
In summary, financial ability is shown to be vulnerable to early effects of cognitive 
decline. I designed TAM in order to address the limitations of the existing 
ADL/IADL scales that cannot detect financial abilities decline. TAM is a multi-items 
measure that enquires about a person’s awareness of financial abilities and examines 
actual performance on a broad range of everyday financial tasks. The present data 
indicates that TAM is a promising tool for the measurement of the everyday financial 
abilities in frail older people and patients with cognitive impairment. It would serve 
not only in detecting early impairments but it would also help health care 
professionals (i.e., general practitioners, nurses, clinical psychologists) and other 
relevant professionals (i.e., social workers, financial or family counsellors) to make an 
evidence-based decision about the person’s everyday financial knowledge and it 
would allow them to follow up the patients’ performance.  In order to make TAM 





Chapter XI  General discussion  
11.1 Aims of the thesis 
AD pathology is already present years before cognitive symptoms appear and early diagnosis 
is crucial (for an early therapeutic intervention) and challenging (as early symptoms resemble 
those in normal ageing and patients with depression). Therefore, researchers were challenged 
to modify, improve, or create cognitive and functional measures that can be sensitive and 
specific enough to detect early changes and differentiate AD from other forms of dementia, 
depression and from normal ageing. Therefore the central aim of the thesis was to design and 
explore sensitive and specific cognitive and functional markers for early detection of AD.  
In my thesis I investigate and expand on the body of work related to Visual Short Term 
Memory Binding tasks that was shown on the number of studies around the world to be 
sensitive to the effect of AD regardless of educational level and cultural differences. The 
restriction of using TMB task in the clinical practice was in the fact that the test only existed 
as a form of a computer test. In the field work (e.g. assessing patients at home) and in the 
situation where it is difficult to use computers (e.g. outpatient clinic office) there was a need 
of a more mobile version of the test that would hold the same psychometric properties as the 
computer version.  
1.! I created a Flash-Card version of the test (Chapter 2) and tested another mobile 
version of the test – Tablet PC version of the test on healthy older and younger 
adults.  
2.! I also aimed at investigating why TMB task is generally unaffected by normal 
ageing  (Chapter 3). I explored if there are any electrophysiological differences in 
TMB performance between healthy older and younger adults. The experiment was 
driven by the Scaffolding theory of ageing that postulates that older adults recruit 
more neural resources in order to perform challenging tasks successfully.  
3.! I tested the sensitivity and specificity of the Flash-Card version of TMB to detect 
binding deficit in AD patients. For that I recruited patients with AD and 




As dementia diagnosis is based not only cognitive impairment, but also everyday functional 
deficit, I aimed to look at the functional abilities that would deteriorate early on the course of 
the disease.  
4.! In Chapter 6 I investigated if commonly used clinical functional scales can 
distinguish between healthy older adults and patients with cognitive impairment 
and which items are the most sensitive to cognitive decline.  
5.! I argue that everyday financial abilities are one of the earliest functional 
impairments and introduce the new term that would describe this symptom: 
“Acreemagnosia” – that is a combination of Ancient Greek words: ἀ- (a-, “not, 
without”), χρήµα (chreema, “money”) and γνωσιακή (gnôsis, “knowledge”) 
(Chapter 7). 
6.! In order to explore this symptom and test my hypothesis of early deterioration of 
financial abilities in people with cognitive impairment I designed an instrument: 
The Acreemagnosia Measurement. I explore its psychometric properties on 
healthy adults (Chapter 8).  
7.!  In the group of patients with different level of cognitive impairment and healthy 
older adults I explore if TAM can differentiate between these groups and which 
financial tasks are the most sensitive to early cognitive deterioration (Chapter 9). I 
explore neuropsychological predictors of financial difficulties in healthy older 
adults and patients with various level of cognitive impairment.    
11.2 Main findings of the cognitive part of the study 
1.  The current work expands on and confirm the findings from a fast 
growing literature that TMB task resistant to the effect of age. Older and younger 
adults performed equally on the TMB task. The results of the first series of 
experiments show that two clinically friendly versions of the TMB test (the Flash-
Card version and the Tablet PC version) equivalent to each other. I also showed that 
older adults have a preference to the Flash-Card version of the test as opposed to two 
electronic versions (i.e. Computer PC and Tablet). 
In order to make it more clinically friendly the Flash-card version of the test contains only 
two items per trial for healthy participants and patients with dementia. In the computer 




it was three items, whereas patients were given two items. The Flash-Cards are therefore 
more user-friendly for clinical settings.   
2.  The ERP study reviled that in order to successfully perform the TMB 
task, older adults recruited significantly more neural resources than younger adults.   
The effect of over-recruitment of brain recourses was more prominent during the retrieval 
phase confirming previous findings (Parra et al., 2017; Pietto et a., 2016) that older adults 
encoding abilities are more preserved than their retrieval functions and in older adults 
retrieval process is more prone to vulnerability to interference leading to greater cognitive 
efforts. 
In addition, the study showed that regardless of age, binding process requires more neural 
recourses than processing of single features.  
  4.  The results of the study confirm specificity and sensitivity of the TMB 
test to the effect of AD.  
Only patients with AD showed decline performing TMB task compare to patients with 
Parkinson’s disease. On the contrary, performance on the TMB task is not affected by 
Parkinson’s disease regardless of the level of cognitive impairment.   
11.2 Implications of the clinically oriented versions of the TMB test 
The main implication of the Flash-Cards is to detect biding impairment in patients with AD.   
Despite different testing method the TMB task on the Flash-Cards showed sensitivity and 
specificity to AD and resistant to the effect of age. The main implications of the Flash-Card 
version are in its affordability and portability. The creation of the Flash-cards was directed by 
the fact that TMB was existed as a computer version and it was difficult to use in the remote 
areas, in the situations where there is a need of assessment participants at home. In addition, 
computerised version of the test requires a special training in setting-up and testing and 
storage of the big data (that requires the Internet connection that in the clinical setting would 
be difficult to do). Furthermore, population under investigation are frail older people and 
patients with cognitive impairment who have limited computer knowledge and might develop 
“computer anxiety” that would affect the performance on the test. The Flash-Cards 




11.3 Main findings of the functional part of the study 
4.  The results of the study revealed that individual items on the Lawton’s 
and ECog scales could differentiate between different groups better than the total score of the 
scales. More specifically, items assessing finances could detect functional differences 
between MCI and AD. In addition, patients with cognitive impairment are less aware of these 
functional difficulties than healthy older adults.  
5. I designed the Acreemagnosia Measurement that reflects the 
complexity and multi-dimentionality of the financial abilities. The measurement reflects post-
retirement financial behaviour. It consists of self- and proxi-questionnaires, and performance-
based tasks. TAM is the first measure that was constructed in order to apply it for people with 
different levels of financial knowledge. TAM reliably measures peoples’ financial abilities at 
average and low financial proficiency. This was exactly the aim of the measure as it was 
intended for people after retirement and patients with cognitive impairment.  The other 
advantage of the measure is that it is gender and age non-specific. 
6.  TAM showed a good discriminability between patients with different  
level of cognitive impairment and healthy older adults. TAM shows that Acreemagnosia is 
already present in patients with early cognitive decline and patients with MCI demonstrate 
lower accuracy in their estimation of their financial abilities. Acreemagnosia starts from the 
diminished ability in financial judgment; patients with MCI had difficulties detecting fraud 
scenarios. 
11.4 Implication of the results from everyday functioning study 
Typically, in clinical practice the functional level of patients with cognitive impairment is 
examined by summing the responses on individual items to reach the total score. This is a 
quick and easy method to ascertain if there is a functional decline, however it may yield quite 
imprecise estimates of functional abilities. In the study I confirmed that total score cannot 
detect the difference between early cognitive impairment and dementia and only individual 
items that are more complex in nature (rely on several cognitive constructs) could detect this 
difference. Based on these findings and in order to avoid underestimation of functional 
decline and enhance the sensitivity of the functional scales, I suggested that the new tools 




complex cognitive tasks with various difficulty level). This would also allow clinicians and 
researchers to detect functional limitations early, establish a natural history of functional 
decline and monitor the development of the disease.   
The other important finding from the study is reliability of the self-rated scales. I 
demonstrated lower accuracy in perception of the functional abilities by patient groups. 
Patients with cognitive impairment tended to overestimate their performance especially on 
financial and managing medication tasks. This finding highlights the fact that awareness is a 
heterogeneous phenomenon and it preserved for some tasks, but not another.  
11.5 Implication of TAM 
The results of the validation of TAM show that it is a promising tool for the measurement of 
the everyday financial abilities in frail older people and patients with cognitive impairment. It 
would serve not only in detecting early impairments but it would also help health care 
professionals (i.e., general practitioners, nurses, clinical psychologists) and other relevant 
professionals (i.e., social workers, financial or family counsellors) to make an evidence-based 
decision about the person’s everyday financial knowledge and it would allow them to follow 
up the patients’ performance.   
Assessing the loss of awareness of financial decline with TAM has an important implication 
for patient’s safety as it is a predictor of the likelihood that they might engage in behaviours 
that pose significant risk and harm to themselves and their families as they can fail to judge 
the situation correctly and adequately, be involve in financial scams, fraud and exploitation.  
In order to make TAM easily accessible for a clinical, research, and public use it is made 
freely available. 
11.6 Limitations 
The major limitation throughout the thesis is small sample size. The results from the study on 
the psychometric property of the scale (Chapter 8) should be interpreted with with caution as 
they were drawn from relative small samples and thus the statistical power to detect DIF was 
low. IRT models are very sensitive to sample size. For 2PL model, sample sizes of 500-1000 




recommended approximately 500 participants, which in the scope of my PhD was 
unfortunately very difficult to achieve and in future studies should be addressed.  
The analysis from the study with patients (Chapter 9) should be interpreted as a proof of the 
concept that need further investigation. This issue is due to the number of patients that were 
enrolled for the study. The evidences that was born from the study need to be confirmed with 
the larger cohort of patients.  
In addition, the problematic issue  with the sampling for all the experiments as healthy older 
participants were drawn from the University volunteer panel. These control participants are 
frequent to the psychological experiments and the results of the current studies would be 
difficult to generalise on the general population.  
 Another limitation the study from Chapter 8 on psychometric properties of the financial tool 
is that the data was gathered online and participants were self-selected; this may also restrict 
generalizability. 
11.7  Future directions 
In the future studies the sound number of patients and control participants driven from the 
general population would aid to replicate and confirm the results of the thesis and address all 
the issues with the sampling error.  
Future studies should consider the impact of other variables on financial abilities and 
financial awareness. The factors such as age, gender, education, race, medical comorbidity in 
MCI and AD. In addition it would be interesting to ascertain if different types of dementia 
would show different endorsement on TAM. Would TAM or its items differentiate between 
different types of dementia?  
11.8 Concluding words 
There is a challenge to detect AD early, researchers are drawn to design the tools and markers 
that can aid to detect the disease at the preclinical stage. The current state-of-the-art 
diagnostic biomarkers are expensive, invasive and not specific to AD. Therefore it limits it 
use for the specialty clinics. The same with cognitive and functional measures: clinicians use 




the disease. However cognitive and functional measures should be more precise and more 
specific to the disorder.  
The thesis drew attention to TMB task that is considered as a reliable cognitive marker of the 
disease and making the task more mobile ad available for use can enhance its application and 
further analysis. 
I argue that financial abilities are one of the first functional decline on the course of the 
disease and design the tool that would help to detect the symptom and therefore become an 
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APPENDIX A        ORIGINAL SET OF ITEMS  
Self-assessment part 
 OVER THE LAST 10 YEARS 













Memory        
1.! Remembering to pay bills on time  (phone, utility 
bills, loans)/Pay bills twice 
0 
 
1 2 3 4 5 
2.! Remembering pin-codes and passwords for cards 
and accounts 
0 1 2 3 4 5 
3.! Remembering where you keep copies of 
bills/statements 
0 1 2 3 4 5 
Organization       
4.! Able to keep track on your spendings (bills, debts, 
incoming cash flow) 
0 1 2 3 4 5 
5.! Able to keep track on your savings 0 1 2 3 4 5 
6.! Assembling business, tax or financial records* 0 1 2 3 4 5 
7.! Able to keep track on your investments 0 1 2 3 4 5 
8.! Organizing your financial records, tax forms 0 1 2 3 4 5 
9.! Balancing the chequebook without error* 0 1 2 3 4 5 
10.!Carry monthly credit card balances 0 1 2 3 4 5 
Planning, anticipating future       
11.!Planning your budget ahead and stick to the plan 0 1 2 3 4 5 
12.!Planning your expenses 0 1 2 3 4 5 
13.!Choosing to spend on the things that are important 
while cutting back on the things that aren’t. 
0 1 2 3 4 5 
14.!Planning to maximize savings 0 1 2 3 4 5 
15.!Working on you retirement account 0 1 2 3 4 5 




16.!Prioritising purchases and spendings by 
importance  
0 1 2 3 4 5 
17.!Making impulsive purchases  0 1 2 3 4 5 
18.!Deciding on your short- and long-term savings 
goals 
0 1 2 3 4 5 
 














Language and calculation       
19.!Difficulties understanding parts of bills, bank 
statement, tax forms (identifying parts of it) 
0 1 2 3 4 5 
20.!Difficulties writing cheques, filling in tax forms 
(enters information) 
0 1 2 3 4 5 
21.!Difficulties with banking activities (money deposits, 
withdrawals) 
0 1 2 3 4 5 
22.!Calculation change or tips  0 1 2 3 4 5 
Divided Attention       
23.!The ability to do 2 things at once* 0 1 2 3 4 5 
24.!Returning to a task after being interrupted* 0 1 2 3 4 5 
Judgment       
25.!Buying items trough the Internet or TV 0 1 2 3 4 5 
26.!Being able to identify financial scams 0 1 2 3 4 5 
27.!Being able to identify a good offer (sales, discounts) 0 1 2 3 4 5 
28.!Being able to identify good investment offers 0 1 2 3 4 5 
Decision making       
29.!Making investment decisions  0 1 2 3 4 5 
30.!Making decision about your financial matters 0 1 2 3 4 5 
31.!Buying what you want instead what you need. 0 1 2 3 4 5 
32.!Funnel your saving into investment account  0 1 2 3 4 5 
33.!Playing bingo or casino  0 1 2 3 4 5 
34.!Making a decision between several choices in a 
store 
0 1 2 3 4 5 
35.!Buying things on the spur of the moment 0 1 2 3 4 5 







I.! Age group 






II.! City/Town you live in. 
____________________________________ 
 
III.! How many years of education do you have? 
___________________________________ 
 
IV.! What is the highest level of education do you have?  
____________________________________ 
 
V.! Family status  




d)! Never been married 
e)! Other  
2.! I live with a spouse 
3.! I live with kids 
4.! Other  
If Other, please specify___________________________________________ 
 
VI.! Work status 
1.! Employed 
2.! Unemployed (how many years) 
-------------------------------- 
3.! Retired (how many years) 
-------------------------------- 






VII.! How do you usually pay your bills?  
1.! In person  
2.! Writing and mailing paper checks 
3.! Pay at a store that accepts bill payments for other companies 
4.! With technologies  
a)! Online 
b)! ATM machines 
c)! Using applications for smart phones/tablets 
d)! Over the phone using automated telephone service 
5.! Direct Debit 
VIII.! Do you have a credit card?  
1.! No 
2.! Yes 
If yes, do you… 
a)! Carry a full monthly balance payment  
b)! Carry less than monthly balance payment  
c)! Carry a minimum monthly payment  
d)! Other 
If Other, please specify__________________________________________ 
IX.! Which of the following banking methods are you using?  
1.! Banking in person 
a)! Checking account balances 
b)! Making deposits 
c)! Making withdrawals 
2.! Online or phone banking 
a)! Checking account balances 
b)! Making transaction 
c)! Setting-up direct debits  
d)! Setting-up standing orders 
3.! I don’t have a bank account 
4.! Other 
If Other, please specify___________________________________________ 
 
X.! Do you have a mortgage? 
1.! Yes 
2.! I don’t have a mortgage, I am an owner of the house 
3.! I don’t have a mortgage, I rent 
 
 
XI.! Do you have a loan? 
1.! I don’t have any loans 











4.! A little 
5.! Not at all 
6.! I don’t do that (someone else is doing that for me, ex. Financial advisor/spouse) 
 
 
XIII.! Financial decision making 
1.! I have an Individual Saving account (ISA) 
2.! I have investments/I have an annuity  
3.! I hold shares in a company 
4.! Other 
If Other, please specify___________________________________________ 
 
 
XIV.! Do you need help in everyday money management:  
1.! No 
2.! I never needed any help with money management, but over the last few years I feel I 
need help (or Compare to 10 years ago, do you need more help now with money 
management?).  
a)! I need a help only with big purchases 
b)! With small and big purchases  
3.! I’ve always been bad with money  
a)! To make big purchases 
b)! With small and big purchases  
 
XV.! How would you pay £1000 pound unexpected expense?  
1.! Pay from my account  
2.! Borrow from a friend 
3.! I will loan money from the bank 
4.! I will save money by spending less on other items 
5.! I will withdraw from my retirement account 
6.! I would not pay at all 
7.! Other 






XVI.! Where do you usually get help with your finances? 
1.! I have someone from the family members to help me 
2.! I rely on help of non-family members  
3.! I ask professionals 
4.! Other 
If Other, please specify___________________________________________ 
 
XVII.! Have you ever been asked to invest in something that you believed, suspected, or later 
found to be fraudulent?  
1.! I’ve never been a victim of any kind of fraud 
2.! I’ve been a victim of a financial fraud 
3.! There was/were attempt(s) to contact me, but I detected a fraud.  
4.! Other 
If Other, please specify___________________________________________ 
 
XVIII.! When you receive a call from the organisation you are not familiar with, how often do 
you think it is a call that may be fraudulent?  
1.! Almost all time 
2.! Most of the time 
3.! Less than half of the time 
4.! Hardly ever 
5.! Don’t know 
 
XIX.! Retirement planning 
1.! I’ve planned my pension plan myself 
2.! I’ve planned my pension plan with professional help 
3.! I’ve never planned my pension 
4.! Other 
If Other, please specify___________________________________________ 
 
XX.!  Do you have power of attorney? 
1.! Yes 
2.! No 
3.! I had it, but cancelled it 
4.! I’ve never considered to have one, but now I will 
5.! I’ve never planned for someone to make these decisions for me and newer will.  





XXI.! Do you have a will written? 
1.! Yes 
2.! I had a will, but cancelled it 
3.! No 
3.! Other  
If Other, please specify___________________________________________ 
 
 
XXII.! Confidence in financial decision making 
1.! I’ve always been confident 
2.! I became more confident over the last few years (3, 5, 10) 
3.! I’ve never been confident 
4.! I was always confident, but over the last few years (3, 5, 10) became less confident  
 
XXIII.! Do you play bingo or casino?  
1.! I’ve always played  
a)! Once a month 
b)! More than once a month 
2.! I’ve never played 
3.! I’ve started playing a few years ago.    
a)! Once a month 
b)! More than once a month 
 
XXIV.! Have you in the last 3, 5 years made a major financial transaction (grater than £1000) 




If Other, please specify___________________________________________ 
 
 
XXV.! Why did you regret this transaction?  
1.! I couldn’t afford it 
2.! I paid more than I should have 





5.! I didn’t need it 
6.! Other 
 
XXVI.! Have you used Internet for: 
1.! Paying bills 
2.! Buying tickets (movie, travel, etc) 
3.! Buying or selling something using the Internet 
4.! Play lottery 





Practical part.  
 
1.! What is money?  
a)! A measurement of wealth 
b)! A unit of account, a store of value, and a medium of exchange  
c)! A unit of debt  
 






c)! I can’t afford to buy anything with this money. 
 
3.! If you have £39.50 and want to buy trousers that cost £24 what would you do?  
a)! I don’t have enough money to buy trousers 
b)! I will buy trousers and will have a change of £15.50 
c)! I’ borrow £15.50 to pay for the purchase.  
 
4.! What is savings? 
a)! The portion of income not to spend on current expenditures. 
b)! An outflow of money to another person or group to pay for an item or service 







5.! You have these coins:  
 




6.! What is more expensive – lunch at the local café or a computer? 
a)! Lunch 
b)! Computer 
c)! They are about the same  
 
7.! What costs less – a pint of milk or a packet of cigarette?  
a)! Milk 
b)! Cigarette 
c)! They are about the same  
 
8.! What is a credit?  
a)! An agreement that someone receives something now and agrees to repay the 
lender in the future.  
b)! Immediate payment  
c)! Cash that you currently have.  
 
9.! If you buy 1 pint of milk that cost £0.79 and bread that worth £1.30 and 
you have a £5 note, how much change do you expect to receive? 
a)! £2.91 
b)! £1.91 
c)! Non of the above 
 
10.!Suppose you have £100 in a savings account earning 2 percent interest a year. After 
five years, how much would you have? (a question is taken from Lusardi and Mitchell, 2011) 
a)! More than £102 
b)! Less than £102 
c)! Exactly £102 
d)! Don’t know 
 




how much will I have after 70 years? 
a)! £130, 957 
b)! Between £150,000 and £225,000 depending on life expectancy 
c)! More than 1.5 million pounds 
d)! None of the above 
 
12.!Imagine that the interest rate on your savings account is 1 percent a year and inflation 
is 2 percent a year. After one year, would the money in the account buy more than it 





13.!What is a mortgage?  
a)! A loan to finance the purchase of your home 
b)! A thing that is borrowed, usually a sum of money, that is expected to be paid 
back with interest  
c)! An agreement under which one party agrees to rent property from another 
party.  
 
14.!If someone else’s name is on your bank account, can they take all of the money in your 
account and use it like it is their own money? (a question is taken from Bassett, 1999 (p.201)) 
a)! Yes 
b)! No 
c)! Don’t know 
 
15.!A 15-year mortgage typically requires higher monthly payments than a 30-year 
mortgage but the total interest over the life of the loan will be less. 
a)! True 
b)! False 
c)! Don’t know 
 
16.!Which of the following financial products can help you lower your 
personal risk? 
a)! Insurance 
b)! Mutual funds 
c)! National insurance contribution or private pension plan  





17.!If you don’t have a written long-term financial plan, which of the 
following you might experience 
 
a)! Being unable to afford fun activities you want to enjoy 
b)! Having a freedom to live the lifestyle you want 
c)! Both ‘a’ and ‘b’ 
 
18.!How do I decide how much coverage do I need when selecting car insurance?  
 
a)! Do online research to find out the minimum coverage requirement 
b)! Ask sales people from several different insurance companies 
c)! Ask a friend or mentor with a high level of insurance experience 
d)! All of the above 
 
19.!Which of these has priority:  
a)! Paying the bill 
b)! Going out with your friends 
c)! Buying something that you were craving for some time 
d)! Going to the local pub?  
 
 
20.!From the following list, choose the two best suggestions for building and 
maintaining a good credit rating 
a)! Have money in savings and protect against identity theft 
b)! Keep your debt low and pay your bills on time 
c)! Make safe investments and set clear financial goals 
d)! None of the above 
21.!NEXT DAY company offers you the best opportunity to invest money without any 
risks. You can take 5% of her pension in cash now and the rest will be invested in UK 
property developments, which will generate a guaranteed 8% return for her savings. 
This will assure you the prospect that the investment will grow quickly.  
a)! Yes, I will definitely go for this offer.  
b)! No, I think that I can’t benefit from it.  
22.! The TRUST company offers you fast loan and will have your application approved 
regardless of your credit history. Before you receive the loan, you must pay an upfront 
fee of 75 pounds to cover insurance for the loan. 
a)! Yes, I will definitely go for this offer.  




23.! A letter form the TNTB company asks if you are interested in making easy money by 
working from home, or setting up your own online business. The scheme allows you to 
choose when you work and enables you to fit your work around your other 
responsibilities. The work itself could involve filling envelopes, assembling products or 
selling goods or services through your own website. You will receive all instruction 
manuals that you need. In addition you will be given a fully developed web site that 
you can advertise. You have to pay 125 pounds money up front to register with the 
scheme, buy customer leads, and buy products to sell on. 
a)! Yes, I will definitely go for this offer.  
b)! No, I think that I can’t benefit from it.  
24.!You have a phone call from the British Rarity Company saying that today is the 
last day of their special promotion. They are offering a free Sacagawea Golden Dollar, 
the highly sought after, newly minted dollar offered by the UK mint. These coins are 
in big demand and there are only a few left in our inventory. They are promising to 
send you out your free coin and an information packet today with no obligation 
whatsoever, just for being willing to review some valuable financial information about 
investing (Your Name, address, and bank details). 
a)! Yes, I will definitely go for this offer.  
b)! No, I think that I can’t benefit from it.  
25.!You have a telephone call from a company you are not familiar with and trying to get 
you to BUY something, enter a sweepstakes or contest, or make an investment. What 
would you do in this situation?  
a)! Hang up immediately or and the call at a convenient pause 
b)! I’d respond positively if I feel that the offer is sound.  
c)! Other 
 
26.!You have a telephone call from a British Allegiance Organisation saying that you won 
one of the four prizes: a cruise tour, a TV set, a shopping spree, or a cash. You 
guarantee to win at least one of the prizes, and all you have to do is to provide you 
correct address and the bank details. You response: 
a)! I’d respond positively as I feel that the offer is sound. 
b)! I would hung up, it is not sound as a good offer.   
 
27.!A situation takes place in the fictional country of Zedland, where the Zed is the unit of 
currency (a question is taken from the PISA2012 financial literacy questionnaire for 15-years olds).  







Why was this invoice sent to Sarah? 
a)! Because Sarah has paid the money to Breezy Clothing. 
b)! Because Breezy Clothing has paid the money to Sarah. 
 
28.!How much has Breezy Clothing charged for delivering the clothes? Delivery charge in 

















29.!Please, fill the deposit slip for the amount of 200 pounds from the account number 























31.! You need to set up a new standing order for the dental medical service in BCBIOMEDICAL 
(account number 12345678, sort code 55-44-33) for the sum of 250 pounds monthly for the 
12-month period starting from the 1th of February 2015. Your bank details: account 









XXVII.! Age group 






XXVIII.! City/Town you live in. 
____________________________________ 
 
XXIX.! How many years of education do you have? 
___________________________________ 
 
XXX.! What was your profession? 
___________________________________ 
 
XXXI.! Family status  




i)! Never been married 
j)! Other  
6.! I live with a spouse 
7.! I live with kids 
8.! Other  
If Other, please specify___________________________________________ 
 





7.! Unemployed (how many years) 
-------------------------------- 
8.! Retired (how many years) 
-------------------------------- 
9.! Retired, but still working 
10.!Other 
 
XXXIII.! How do you usually pay your bills?  
6.! In person  
7.! Writing and mailing paper checks 
8.! Pay at a store that accepts bill payments for other companies 
9.! With technologies  
e)! Online 
f)! Direct Debit 
g)! ATM machines 
h)! Using applications for smart phones/tablets 
i)! Over the phone using automated telephone service 
 
XXXIV.! Do you have a credit card?  
4.! No 
5.! Yes 
If yes, do you… 
e)! Make a full monthly balance payment  
f)! Make less than monthly balance payment  
g)! Make a minimum monthly payment  
h)! Other 
If Other, please specify__________________________________________ 
 
XXXV.! Which of the following banking methods are you using?  
5.! Banking in person 
d)! Checking account balances 
e)! Making deposits 
f)! Making withdrawals 
6.! Online or phone banking 
e)! Checking account balances 
f)! Making transaction 
g)! Setting-up direct debits  
h)! Setting-up standing orders 
7.! I don’t have a bank account 
8.! Other 






XXXVI.! Do you have a mortgage? 
4.! Yes 
5.! I don’t have a mortgage, I am an owner of the house 
6.! I don’t have a mortgage, I rent 
 
 
XXXVII.! Do you have a loan? 
3.! I don’t have any loans 
4.! I have a loan (please, specify) 
------------------------------------------------------------- 
 





11.!Not at all 
12.!I don’t do that (someone else is doing that for me, ex. Financial advisor/spouse) 
 
XXXIX.! Financial decision making 
5.! I have an Individual Saving account (ISA) 
6.! I have investments/I have an annuity  
7.! I hold shares in a company 
8.! Other 
If Other, please specify___________________________________________ 
 
XL.! Do you need help in everyday money management:  
4.! I never needed any help with money management, but over the last few years I feel I 
need help. 
c)! I need a help only with big purchases 
d)! With small and big purchases  
5.! No 
6.! I’ve always been bad with money  
c)! To make big purchases 
d)! With small and big purchases  
 




8.! Pay from my account  
9.! Borrow from a friend 
10.!I will borrow money from the bank 
11.!I will save money by spending less on other items 
12.!I will withdraw from my retirement account 
13.!I would not pay at all 
14.!Other 
If Other, please specify___________________________________________ 
 
XLII.! Where do you usually get help with your finances? 
5.! I have someone from the family members to help me 
6.! I rely on help of non-family members  
7.! I ask professionals 
8.! Other 
If Other, please specify___________________________________________ 
 
XLIII.! Have you ever been asked to invest in something that you believed, suspected, or later 
found to be fraudulent?  
5.! I’ve never been a victim of any kind of fraud 
6.! I’ve been a victim of a financial fraud 
7.! There was/were attempt(s) to contact me, but I detected a fraud.  
8.! Other 
If Other, please specify___________________________________________ 
 
XLIV.! When you receive a call from the organisation you are not familiar with, how often do 
you think it is a call that may be fraudulent?  
6.! Almost all time 
7.! Most of the time 
8.! Less than half of the time 
9.! Hardly ever 
10.!Don’t know 
 
XLV.! Retirement planning 
5.! I’ve planned my pension plan myself 
6.! I’ve planned my pension plan with professional help 
7.! I’ve never planned my pension 
8.! Other 







XLVI.!  Do you have power of attorney that names someone else to act on your behalf? 
7.! Yes 
8.! No 
9.! I had it, but cancelled it 
10.!I’ve never considered to have one, but now I will 
11.!I’ve never planned for someone to make these decisions for me and newer will.  
12.!I have an alternative plan (e.g. joint account, other__________________________) 
 
XLVII.! Do you have a will written? 
4.! Yes 
5.! I had a will, but cancelled it 
6.! No 
 
XLVIII.! Confidence in financial decision making 
5.! I’ve always been confident 
6.! I became more confident over the last few years (3, 5, 10) 
7.! I’ve never been confident 
8.! I was always confident, but over the last few years (3, 5, 10) became less confident  
 
XLIX.! Do you play bingo or casino?  
 
2.! I’ve always played  
4.! I’ve never played 
5.! I played in a past, not any more 
6.! I’ve started playing a few years ago.    
 
L.! Have you in the last 3, 5 years made a major financial transaction (greater than 





If Other, please specify___________________________________________ 
 





7.! I couldn’t afford it 
8.! I paid more than I should have 
9.! I responded to a strong sales pitch 
10.!Fraud/theft/scam 
11.!I didn’t need it 
12.!Other 
 
LII.! Have you used Internet for: 
 
6.! Paying bills 
7.! Buying tickets (movie, travel, etc) 
8.! Buying or selling something using the Internet 
9.! Play lottery 




Practical part.  
1. What is money?  
d)! A measurement of wealth 
e)! A unit of account, a store of value, and a medium of exchange  
f)! A unit of debt  
 
2.! How much money is that (a picture below)? What could you buy with it?  
a)! Lunch 
b)! TV 




3.! If you have £39.50 and want to buy trousers that cost £24 what would you do?  
d)! I don’t have enough money to buy trousers 
e)! I will buy trousers and will have a change of £15.50 
f)! I’d borrow £15.50 to pay for the purchase.  
 
4.! What is savings? 
d)! The portion of income not to spend on current expenditures. 
e)! An outflow of money to another person or group to pay for an item or service 







5.! You have these coins:  
 




6.! What is more expensive – lunch at the local café or a computer? 
d)! Lunch 
e)! Computer 
f)! They are about the same  
 
7.! What costs less – a pint of milk or a pack of cigarettes?  
d)! Milk 
e)! Cigarettes 
f)! They are about the same  
 
8.! What is credit?  
d)! An agreement that someone receives something now and agrees to repay the 
lender in the future.  
e)! Immediate payment  
f)! Cash that you currently have.  
 
9.! If you buy 1 pint of milk that cost £0.79 and bread that worth £1.30 and 




f)! None of the above 
 
10.!Suppose you have £100 in a savings account earning 2 percent interest a year. After 
five years, how much would you have? 
 
e)! More than £102 
f)! Less than £102 




h)! Don’t know 
 
11.!Imagine that the interest rate on your savings account is 1 percent a year and inflation 
is 2 percent a year. After one year, would the money in the account buy more than it 





12.! You are planning to buy a TV. You came to a shop where the cost of a TV is £500 
and there is a discount of 20% on it. In another store the same TV would cost you 
£350. Where would you buy the cheapest TV?  
a)! The first with the sale of 20% is cheaper  
b)! The second where the cost £350 
c)! They are the same price.  
 
13.!What is mortgage?  
d)! A loan to finance the purchase of your home 
e)! A thing that is borrowed, usually a sum of money, that is expected to be paid 
back with interest  
f)! An agreement under which one party agrees to rent property from another 
party.  
 
14.!If someone else’s name is on your bank account, can they take all of the money in 
your account and use it like it is their own money?  
d)! Yes 
e)! No 
f)! Don’t know 
 
15.!A 15-year mortgage typically requires higher monthly payments than a 30-year 
mortgage but the total interest over the life of the loan will be less. 
d)! True 
e)! False 
f)! Don’t know 
 
16.!From the following list, choose the two best suggestions for building and maintaining 
a good credit rating 
e)! Have money in savings and protect against identity theft 
f)! Keep your debt low and pay your bills on time 
g)! Make safe investments and set clear financial goals 





17.!NEXT DAY company offers you the best opportunity to invest money without any 
risks. You can take 5% of your pension in cash now and the rest will be invested in 
UK property developments, which will generate a guaranteed 8% return for your 
savings. This will assure you the prospect that the investment will grow quickly.  
c)! Yes, I will definitely go for this offer.  
d)! I’d consider after further research 
e)! No, I think that I can’t benefit from it.  
f)! It’s definitely a scam 
18.! The TRUST company offers you fast loan and will have your application approved 
regardless of your credit history. Before you receive the loan, you must pay an upfront 
fee of 75 pounds to cover insurance for the loan. 
c)! Yes, I will definitely go for this offer.  
d)! I’d consider after further research 
e)! No, I think that I can’t benefit from it.  
f)! It’s definitely a scam 
19.! A letter from the TNTB company asks if you are interested in making easy money by 
working from home, or setting up your own online business. The scheme allows you 
to choose when you work and enables you to fit your work around your other 
responsibilities. The work itself could involve filling envelopes, assembling products or 
selling goods or services through your own website. You will receive all instruction 
manuals that you need. In addition you will be given a fully developed web site that 
you can advertise. You have to pay 125 pounds money up front to register with the 
scheme, buy customer leads, and buy products to sell on. 
a)! Yes, I will definitely go for this offer.  
b)! I’d consider after further research 
c)! No, I think that I can’t benefit from it.  
d)! It’s definitely a scam 
 
20.!You have a phone call from the British Rarity Company saying that today is the 
last day of their special promotion. They are offering a free Sacagawea Golden Dollar, 
the highly sought after, newly minted dollar offered by the UK mint. These coins are 
in big demand and there are only a few left in our inventory. They are promising to 
send you out your free coin and an information packet today with no obligation 
whatsoever, just for being willing to review some valuable financial information about 
investing (Your Name, address, and bank details). 
a)! Yes, I will definitely go for this offer.  
b)! I’d consider after further research 
c)! No, I think that I can’t benefit from it.  
d)! It’s definitely a scam 
21.!You have a telephone call from a company you are not familiar with and trying to get 
you to BUY something, enter a sweepstakes or contest, or make an investment. What 
would you do in this situation?  
d)! Hang up immediately or end the call at a convenient pause 






22.!You have a telephone call from a British Allegiance Organisation saying that you won 
one of the four prizes: a cruise tour, a TV set, a shopping spree, or a cash. You 
guarantee to win at least one of the prizes, and all you have to do is to provide you 
correct address and the bank details. You response: 
c)! I’d respond positively as I feel that the offer is sound. 
d)! I would hang up; it is not sound as a good offer.   
 




Sarah receives this invoice in the mail. Why was this invoice sent to Sarah? 
 
c)! Because Sarah owes the money to Breezy Clothing. 




24.!How much has Breezy Clothing charged for delivering the clothes? Delivery charge in 
zeds:   
..................................... 
 




01020304, sort-code 01-02-03. 
 
 
26.! Mr. J Smith has received the Energy and Gas bill. How much should Mr. J Smith pay for his 









27.!You need to set up a new standing order for the dental medical service in 
BCBIOMEDICAL (account number 12345678, sort code 55-44-33) for the sum of 50 
pounds monthly for the 12-month period starting from the 1st of February 2017. Your 










OVER THE LAST 10 YEARS 
 
 
Financial management Items 
Never did 
before 
Did it Before 
No longer 
necessary but 





















Memory          
4.! Remembering to pay bills on time (phone, utility 
bills, loans)/Pay bills twice 
0 
 
0 1 2 3 4 5 6 
5.! Remembering pin-codes and passwords for cards 
and accounts 
0 0 1 2 3 4 5 6 
6.! Remembering where you keep copies of 
bills/statements 
0 0 1 2 3 4 5 6 
Organization         
19.! Able to keep track on your spendings and savings 
(bills, debts, incoming cash flow) 
0 0 1 2 3 4 5 6 
20.! Assembling business, tax or financial records 0 0 1 2 3 4 5 6 
21.!     Able to keep track on your investments 0 0 1 2 3 4 5 6 
22.!     Organizing your financial records, tax forms 0 0 1 2 3 4 5 6 
23.!     Balancing the credit/debit cards without error 0 0 1 2 3 4 5 6 
Planning, anticipating future         
24.!      Planning your budget ahead and stick to the 
plan 
0 0 1 2 3 4 5 6 
25.! Choosing to spend on the things that are important 
while cutting back on the things that aren’t. 
0 0 1 2 3 4 5 6 
26.! Planning to maximize savings 0 0 1 2 3 4 5 6 
27.!Working on your retirement account 0 0 1 2 3 4 5 6 
Prioritizing         
28.! Prioritising purchases and spendings by 
importance  
0 0 1 2 3 4 5 6 
29.!Making impulsive purchases  0 0 1 2 3 4 5 6 





 OVER THE LAST 10 YEARS 
 




    Did it Before 
No longer 
necessary, but 



















Did it Before 
Unable to do 
it anymore  
Language and calculation         
31.!Difficulties understanding parts of bills, bank 
statement, tax forms (identifying parts of it) 
0 0 1 2 3 4 5 6 
32.!Difficulties writing cheques, filling in tax forms 
(enters information) 
0 0 1 2 3 4 5 6 
33.!Difficulties with banking activities (money 
deposits, withdrawals) 
0 0 1 2 3 4 5 6 
34.!Calculation change or tips  0 0 1 2 3 4 5 6 
Divided Attention         
35.!The ability to do 2 things at once 0 0 1 2 3 4 5 6 
36.!Returning to a task after being interrupted 0 0 1 2 3 4 5 6 
Judgment         
22.Buying items through the Internet or TV 0 0 1 2 3 4 5 6 
23.!Being able to identify financial scams 0 0 1 2 3 4 5 6 
24.!Being able to identify a good offer (sales, 
discounts) 
0 0 1 2 3 4 5 6 
25.!Being able to identify good investment offers 0 0 1 2 3 4 5 6 
Decision making         
26.!Making investment decisions  0 0 1 2 3 4 5 6 
27.!Making decision about your financial matters 0 0 1 2 3 4 5 6 
28.!Buying what you need instead what you want. 0 0 1 2 3 4 5 6 
29.!Funnel your saving into investment account  0 0 1 2 3 4 5 6 
30.!Playing bingo or casino  0 0 1 2 3 4 5 6 
31.!Making a decision between several choices in a 
store 
0 0 1 2 3 4 5 6 
32.!Buying things on the spur of the moment 0 0 1 2 3 4 5 6 
33.!Buying things after long considerations  0 0 1 2 3 4 5 6 
  
 
 
 
 
